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CHROMIUM DIOXIDE--PREPARATION, PROPERTIES' AND ENTHALPY 
FORMATION 


S.M. Ariya, S.A.Shchukarev, and V.B. Glushkova 


Chromium oxides with compositions intermediate between and have been the subject 
researches. Preparations with such compositions are obtained decomposing chloride, 
[1,2,3,4], decomposing chromic anhydride [5,6,7,8,9,10], oxidizing hydrated chrome oxide using oxy- 
gen Certain authors believe that these preparations have variable composition phases, 
and [14], others that definite compound, exists. 


The magnetic properties these oxides were also studied; found that some them were ferromagnetic, 
but even this regard data various investigators are contradictory [4,5,15]. Results roentgenographic inves- 
tigation: likewise either did not lead definite conclusions the nature the intermediate chromium oxides 
showed that the authors were dealing with mixture several crystalline phases 


Synthesis Chromium Dioxide. 


Assuming that the different results the several investigators could explained the fact that the 
authors were dealing with samples obtained under conditions where they were not thermodynamic equilib- 
rium with the products decomposition, decided study the process decomposing chromium anhydride 
under the condition high oxygen pressure, 


this was found that decomposition chromium anhydride temperature 420 and 
oxygen pressure 200 atmospheres, produced black colored substance, the composition which was the 
same all experiments, and corresponded the formula was very close the formula chro- 
mium dioxide.* was performed both determining the amount weight loss decomposition 
calcination and also decomposition vacuum with subsequent measurement the oxygen volume 
separated thereby. Comparison results obtained both methods shows that the compourds prepared under the 
stated conditions were anhydrous, 


Roentgenographic Investigation 


which, apparent from Figure seems clear for its Table are given the in- 
terplanar spacing values found and the results identification according the Bistrom curves. This iden- 
tification shows that CrO, forms lattice with tetragonal syngony. The elementary call parameters were: 
4.394 0.015, 5.77 0.02, c/a =1.31. The density this preparation measured pycnometrically 
cyclohexane was found (25°C). assume that the elementary cell contains 
then the roentgenographic density appears equal 4.97 which good agreement with 
the value found pycnometrically. 


Magnetic Properties 


Measurement magnetic susceptibility, performed the “cylinder that room tem- 


perature the susceptibility value depended field strength (Figure 2), i.e., chromium dioxide ferro- 


that have case structuredefects here. However, the closeness this formula the 
not deprive the possibility calling this the and using the formula 
qualitative discussion, similar the fact that they write although stable phase this 
tion, known, does not exist. 


Sed 


we 


Fig, Powder pictures chromium oxides varying composition: 
era having diameter 57.3 mm, chromium radiation with vanadium fil- 


ter, The sample diameter was Potential was kilovolts, current strength 
milliamperes, exposure hours, 


TABLE ‘The Curie temperature was found equal 
which close the value given Zhukov [3] for 
one the products from decomposing chromium an- 
Interplanar Intensity hydride (having the composition 2). should 

noted that the particular magnetic property 
chromium dioxide (ferromagnetism) the series 
dioxides elements the 1st inserted decade cor- 
responds lattice structure peculiarity this very 
series, Titanium, vanadium, and manganese diox- 
ide (not ferromagnetic) have elementary cell with 
similar Values for parameter 4.58, 4,54, 
4.394, 4.398), but the value parameter 
for CrO, approximately twice large for the di- 
oxides its neighboring elements [16] (TiO, 2.95, 

Bete and Sleiter [17] sho wed that the condition for 
appearance ferromagnetism was the presence par- 
ticles with incomplete electronic levels having large values the second quantum number, and large 
value for the ratio the distances between centers the particles and their radii, 


Results Roentgenographic Identification 


Average 
Weak 
Strong 
Strong 
Average 
Strong 
Strong 


o 


The first condition satisfied, evidently, for all the dioxides; regards the mentioned, 
has the largest value for CrO,: 


Ratio distance VO, CrO, MnO, 
ion ceniers ion radius 2.05 2.03 


Results measuring magnetic susceptibility temperatures above the Curie point are given Table 
where they are compared with values calculated from assuming that CrO, was actually dioxide, from 
assuming that were dealing here with chromates trivalent chromium 


The data Table show that the experimental magnetic susceptibility values for are 
values calculated based assuming the presence tetravalent chromium ions the lattice this com 
pound, may consider that dioxide, and not mixed oxide. 


« 
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TABLE 


Magnetic susceptibility per mole 


Value 
Experi- Calculated 
mental for 


Tempera- 
ture, 


Calculated for 


225 11400 
264 8400 
320 6200 
pertinent note that the magnetic susceptibility 


molybdenum and tungsten dioxide, contrast the sus- 
ceptibility chromium dioxide, has much lower theore- 
tical value; this indicates the presence bonds between 
the metallic ions. Probably, this difference may set 
relation the larger enthalpy sublimation value for mol- 
ybdenum and tungsten (155 kcal for and 210 kcal for 
compared with the enthalpy sublimation chromium 
(89 kcal 


Thermal Decomposition under Conditions Close Equilibrium 


For preliminary exploration the width the region homogeneity for chromium dioxide, series experi- 
ments was set decomposing chromium anhydride various oxygen pressures(duration heating 
amounted hours all cases). 


Fig. Dependence magnetic suscep- 

field strength, (in arbitrary units) 
room temperature. 


The composition the preparations obtained depended the oxygen pressure the following manner: 


Roentgenograms products having the gross compositions and showed the presence 
phase and phase; here the interplanar distance these latter seemed pressure 
(Figure may thus conclude that does not have perceptible region homogeneity. 
interest also this connection that chromium dioxide occupies particular place the series dioxides 
the elements the 1st inserted decade. Figure presents dioxide existence regions for elements which neigh- 
bor chromium. 


Enthalpy Formation Chromium Dioxide 


The reaction most suitable for use calorimeter the reaction reducing chromium dioxide hydrogen, 
occurring according the equation: 


was conducted hydrogen pressure atmospheres and was initiated using heated spiral 
fine platinum wire, placed the chromium dioxide powder. measure the change temperature resistance 


= 
Fig. Region homogeneity for Fig. Course energy total for Fig. Course energy total 
dioxides elements the 1st in- removing four electrons and the en- for removing four electrons and 
setted decade. thalpy sublimation, for enthalpy sublimation, for 
Cr, and Mn; and course enthalpy Cr, Mo, and and course 
formation for corresponding di- enthalpy formation 
oxides, (kcal mole). mole) for corresponding 
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The value” calorimetric bomb was determined measuring the temperature rise which cor- 
responded introducing determined quantity energy into the bomb; was measured 


25°C for the reaction: 


“Me . 


yst liquid 
change enthalpy equal kcal was found. From this, using enthalpy formation kcal, 
and enthalpy formation liquid water kcal [18], the enthalpy formation chromium 
dioxide was found 0.5 kcal. 


cryst gas cryst 


was shown one [19] that the trend heat formation binary compounds along series analo- 
gous compounds often contrary the trend sum corresponding valences, the sum ioni zation po- 
tential and enthalpy sublimation for the corresponding simple bodies free 


Figure shows that this relation may very clearly observed the TiO, series. 
Matters are otherwise transition from chromium its analogs the supplemental subgroup group VI. 


Figure shows that the converse relationship stated above does not exist this case. 


SUMMARY 


Decomposition chromium anhydride temperatures 420-450° and oxygen pressures 200-300 at- 
mospheres leads formation anhydrous chromium dioxide. 


Chromium dioxide has tetragonal structure. The elementary cell dimensions are 5.77 0.02 
0.15 (c/a and contains atoms chromium and oxygen atoms. 


Chromium dioxide evidently does not have very perceptible region homogeneity. 


Chromium dioxide ferromagnetic; the Curie temperature was 115°C. The magnetic susceptibility 
above the Curie temperature was close that calculated assuming that contains ions, that 
was actually dioxide, and not mixture oxides 


The enthalpy formation chromium dioxide, found calorimetric measurement change enthalpy 
during the reduction reaction with hydrogen chromium oxide, was equal 0.5 kcal/mole: 


The trend enthalpy formation VO,, and converse the trend the sum 
enthalpy sublimation for the corresponding metals and the energy for removing four electrons from their 


atoms, The trend enthalpy formation chromium, molybdenum, and tungsten dioxides did not show this 
converse relation. 
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REACTIONS FUSED NITRATES AND NITRITES METALS 


THE FIRST AND SECOND GROUPS THE MENDELEEV PERIODIC SYSTEM 


INVESTIGATION THE TERNARY SYSTEM 


NITRATE POTASSIUM CADMIUM NITRATE 


was previously reported [1] that potassium nitrate reacts with cadmium nitrate melt form complex 
compound, whose melting point The clearly evident chemical affinity between the 
above noted components was observed not only the binary, but also ternary system presence lithium 
nitrate third component. The present investigation has purpose exploration the nature reaction 


between rubidium and cadmium nitrates the molten state, and also study their effect the previously des- 
cribed chemical compound, 


The marked similarity, with regard most physico-chemical properties, between potassium and rubidium ni- 
trates forms the basis for predicting the nature the relationship rubidium nitrate cadmium nitrate. This 
must analogous the relationship potassium nitrate cadmium nitrate, even this case should ex-- 
pect appearance chemical reaction between the stated components. Here should assume that the thermal 


bility the proposed compound, would greater than the thermal stability the compound 


The experimental investigation performed, will shown below, confirmed our assumptions. Rubidium nitrate 
actually enters into chemical reaction with cadmium nitrate and forms the complex compound 


with regards the thermal stability this compound, judging from its melting point, seems somewhat less 
than that the compound 


EXPERIMENTAL 


Binary systems. The equilibrium diagram for the binary system potassium nitrate nitrate, which 
responds one side the triangular diagram the above stated ternary system, has been described 

one [1]. Investigation the potassium nitrate binary system, also one 
side the triangular diagram, showed that rubidium nitrate and potassium nitrate, consequence marked 
similarity with regard most physico-chemicai constants, and particular the very small their at- 
omic radii 2.51 potassium 2.38 A), form continuous series solid solutions. The liquidus curve 
this system smooth crystallization branch, bowed slightly toward the composition axis. The crystallization 


curve minimum very weakly corresponds the potassium nitrate and 
mole rubidium nitrate, with m.p. (Fig. 1.). 


’ 


The equilibrium diagram for the rubidium nitrate nitrate system was studied for the first time us, 
The liquidus curve for this system has three crystallization branches: cadmium nitrate, the chemical compound 
and rubidium nitrate, The first eutectic point corresponds the composition: 58.5% cadmium 
nitrate and 45.5% rubidium nitrate with 167° m.p.; the second: 37% cadmium nitrate and 63% rubidium nitrate 
with The maximum the chemical compound curve corresponds m.p. 184° (Fig. 1). 


Composition data are always given mole percent throughout. 
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Fig. Direction sections the ternary sys- 
tem. 


Fig. Sections through ternary system: 


Fig. Sections through ternary system: 


Ternary system. The system liquidus 
surface was investigated along eight sections, the 
directions which are shown Figure Five 

sections were investigated from the cadmium nitrate 
Fig. through ternary system: rubidium nitrate side the triangle with potassium 
VI) 60% 40% nitrate vertex; two sections were studied along 
VII) 67% 33% the cadmium nitrate nitrate side with 
passed through the chemical compound field. 


diagrams for sections IV, 
and enable determining lines which bound the cadmium, potassium, and rubidium nitrate crystallization 


Sections and VII are controls, Section enables establishing the uniformity the chemical com- 
field. 


Transition points section equilibrium diagrams and also the corresponding melting points and component 
compositions are given the table. 


> 

350° 

199.5 ) D 

. 36° 
ba $337? 

. 


TABLE 


melting temp. 


166 
170 


160 
164 


VIII transition point 


first transition point 


Liquidus curves for the sections are given Figs. and 
Experimental data for the ternary system are general- 


tallization surface. 


the region are 10° (Fig. 6). 
can seen froin Fig. that the rubidium nitrate ~cadmium nitrate ~potassium nitrate ternary system 
liquidus surface has threecrystallization the isomorphic mixture rubidium and potassium nitrates cov- 
covering the crystallization area, and cadmium nitrate which covers the crystallization area. 


consider now the chemical compounds and which form single cry- 


stallization field. Evidently, rubidium and potassium nitrates, being isomorphic [2], with cadmium 
nitrate the melt form isomorphic chemical and respectively, 
which mixture with one another when molten also give continuous series isomorphic mixtures (solid solu- 
Theshape the Section liquidus curve (Fig. 5), staring from the chemical compound point the 
potassium nitrate--cadmium nitrate side the triangular digram and ending the chemical compound composi- 
tion point the rubidium nitrate side, confirms our discussion. 


system equilibrium diagram has unusual diagram has formed isomorphic mixtures 
the compounds and 6). 


addition, investigation the above stated system showed that potassium and rubidium nitrates display 
clear tendency react chemically with cadmium nitrate melts. Here the tendency toward complex 
tion strongly shown with potassium nitrate than with rubidium nitrate; this follows comparing the 
binary system equilibrium diagrams (Fig. and the thermal stability the given compounds. 


Because cadmium nitrate decomposes temperatures i.e., below the melting point given 
handbook literature*, the melting points mixtures components the cadmium 


binary system were measured from 100% rubidium nitrate. smaller contents the the salt melt 
decomposed with nitrogen dioxide evolution and cadmium oxide formation. 


characteristic that transition the molten salts into the glassy state took place with enormous 
viscosity increase the above stated binary system detinite rubidium nitrate 
Transition the melt into the glassy state was also observed the ternary system. This phenomenon was 
repeatedly observed our earlier investigation systems nitrates metals the first and second groups 


the Mendeleev periodic table and moreover, was described Rostkovsky who investi- 
gated the calcium nitrate-- potassium nitrate binary system. 


The melting point given handbook and periodical literature for cadmium nitrate does not 
actuality; this will shown one these papers. 


Fig. Base projection ternary system crys- 


Because single field isomorphic mixtures the above stated chemical compounds formed, the ternary 
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all the cases previously described, appearance the glassy state fused nitrate components was 
observed only ‘definite concentrations the latter, and was always associated with enormous incrase 
Doubtless, similar cases, there will genetic viscosity relationship between components the 
having chemical affinity. Exploration this relationship particularly represented one the problems 
the study performed 

SUMMARY 


was shown method analysis that rubidium nitrate forms 
the chemical compound 2Rb melting 184°, when fused with cadmium nitrate. 


was shown that the thermal stability the complex compound was less than that the 
the compound previously prepared 


The liquidus surface the rubidium nitrate— potassium nitrate ternary system was studied, 
and formation the above named chemical compounds was confirmed the corresponding crystall- 
ization field within the ternary system, 


The isomorphism the chemical compounds and discussed, based 
the nature their crystallization field. 
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HEXAMETAPHOSPHATE 


many respects the oxygen compounds phosphorus are similar carbon and silicon compounds, espec- 
ially regard their ability large number such polymers are known metaphosphoric 
acid, more accurately, its salts, which sodium hexametaphosphate has obtained practical application. 


Jones [1] recently gave method for analyzing mixture phosphoric acids, enabling better approach 
investigation this unusual product. determines hexametaphosphate, ortho- and piyophosphate separately 
and the sum tri- and tetrapolyphosphates 


The hexametaphosphate precipitated quantitatively barium metaphosphate barium chloride 
the order 2.5-3, and then ortho-, pyro-, and polyphosphates are precipitated neutralizing phenolph- 
thalein. Trimetaphosphate does not precipitate under these conditions, and determined the filtrate, Ortho- 
and pyrophosphates are determined separate samples after separating the hexametaphosphate [2], the latter 

4.1 with manganese chloride presence acetone. each the components, phosphorus 
determined ammonium molybdate, determining total phosphorus. Sodium hexametaphosphate was 
obtained from monosodium phosphate. After dehydration, the monosodium phosphate melts, forming mobile 
liquid. prepare sodium hexametaphosphate, necessary chill this rapidly. 


Table gives composition constants for products obtained the temperature interval 620-900° heating 
after fusing the starting product for from minutes The initial product did not fuse below 600°. Heat- 
ing time and temperature the stated limits did not affect the yield; this agreees with data Postnikov and 
Bronnikov [3]. Also, chilling conditions have affect, when varied from room temperature that solid carbon 

dioxide The thermograms were taken with heating speed per minute, 


TABLE TABLE 


expt. product 
(min.) obtained 


Composition 
product obtained 


Composition 
obtained 


Hexameta- Trimeta- 
phosphate 


phosphate 


9,9 

90.2 9.8 

820-830 90.4 9.6 

870-900 90.3 9.7 620-630 

620-630 90.1 9.9 870-900 

620-630 90.1 9.9 

620-630 90.2 9.8 870-900 9.9 
180 620-630 9.6 Room temperature 

870-900 90.3 9.7 

120 870-900 90.4 9.6 Dehydration monosodium phosphate crys- 
240 870-900 90.7 9.3 tal hydrate takes place two stages: first, 
360 870-900 90.3 9.7 molecule water splits off between and 


the second the 70-80° interval (Fig. 1). 
More accurate transition points indicate that these temperatures are equal 43.5 and 


When the second water molecule has split off, saturated solution anhydrous monosodium phosphate 


the Trimeta 
a 


Fig. for monosodium 


formed which further heating begins boil 


Subsequently, monosodium phosphate decomposes 
forming acid pyrophosphate 198 Metaphos- 
phate then formed the 298 338° interval. 


ial melting takes place 


Sodium metaphosphate undergoes transformation 
heating and forms can 
seen from Fig. that two endothermal effects take 
place the 500 600° temperature interval; these 200 
are very small magnitude. study this process, 
increased the differential trace sensitivity; this 


terval, The effects Fig. the 512- Fig. Thermogram for 


560° and intervals are connected with dehyd- 
rating the hydrated crystals, because they are completely absent heating the anhydrous 


Sodium hexametaphosphate, obtained heating monosodium phosphate platinum dish 630° and containing 
90.1% hexametaphosphate and 9.9% trimetaphosphate, was crushed powder and heated 
view the comparatively low specific volume sodium hexametaphosphate compared 
magnesium oxide, titanium dioxide was used standard. 


The endothermaleffect beginning 322° corresponds transition hexametaphosphate 


Analysis samptes heated 330° for period three-five minutes showed that sodium hexametaphosphate 
was quantitatively transformed into sodium trimetaphosphate; consequently, this effect not caused, for example, 
sintering. this temperature, sodium hexametaphosphate softens and can drawn into threads like glass, 


longer heating this temperature, instead sodium trimetaphosphate the main product, other water- 
insoluble metaphosphates are obtained; the quantity these increases with increased time heating. This pro- 
cedure suitable for preparing pure this temperature two processes take place; the first 
completed rapidly and corresponds transition sodium hexametaphosphate into trimetaphosphate; the second 
takes place much more slowly and corresponds transition trimetaphosphate into other water-insoluble 
metaphosphates. The endothermal effect the 614 630° interval Fig. corresponds fusion sodium 
trimetaphosphate, which contained, according the temperature conditions, some polymetaphospate impur- 
ity. 


Sodium hexametaphosphate does not have specific melting point and converted into sodium trimeta- 
phosphate. number authors report melting points the 610 640° interval (Bronnikov [4]). Analogous tran- 
sitions take place with uncrushed sodium hexametaphosphate, although this case the process occurs much more 
slowly. Sodium hexametaphosphate hydrolyses markedly, particularly higher temperatures. For hydrolysis 
took product containing 90.4% sodium hexametaphosphate and 9.6% Hydrolysis and 2.5% 
aqueous solutions was performed and 100°. The samples for analysis were first taken after hours 60° 
and after hours 100°. Hexametaphosphate and trimetaphosphate were determined the hydrolyzed products. 
remaining phosphate was determined the difference between total and the sum hexametaphosphate 
and trimetaphosphate (Tables and 4). 


298 
Fig. Thermogram for monosodium 
7 


Hydrolysis and Sodium Hexametaphosphate 
Solutions 60° 


Hydrolysis and Sodium Hexametaphosphate 


Solutions 100°. 
solution 2.5% solution 
Obtained Obtained 


Hexameta- Trimeta- Hexameta- Trimeta- 


Time 
holding 
sample 
for anal- 
sis (hrs. 


solution 2.5% solution 
holding Obtained (%) Obtained 
sample Hexameta-| Trimeta- |Hexameta- 


Time 


90.4 9.6 
66.0 16.8 
46.9 21.0 


28,2 27,0 
14.3 29.7 


Sodium hexametaphosphate bydrolyzes two dir- 
ections aqueous solutions. Some depolymer- 
izes into sodium trimetaphosphate; this shown the 


ortho- and other phosphates; this agrees with Bell's con- 
clusions [5]. 
The hydrolysis rate sharply dependent tempera- 


ture; however, the data obtained not agree with data Bronnikov and Bell. Thus, the hydrolysis rate found 
us, particularly 100°, was much smaller (Table and and and 5). these two figures, the percent 
content phosphoric anhydride, present the sodium total resid:al phosphate, plotted 

along the ordinate; time plotted along the abscissas axis. 


192 


solution 
Trimetaphosphate; total phosphates; 


curve appears the original. Publisher. 


Me 


phate solution 
Trimetaphosphate; total phosphates; 


curve appears the original. Publisher. 


The curves give percent phosphate content present with time the form sodium hexametaphosphate, 
sodium trimetaphosphate, and the sum the other phosphates. 


SUMMARY 


620 for 15-30 minute period with rapid subsequent cooling the melt room temperature. 


Pure sodium trimetaphosphate was obtained heating powdered sodium hexametaphosphate 


330° for period three-five minutes. 


Sodium hexametaphosphate does not have fixed melting point, because heating softens gradu- 


ally and transformed into the trimetaphosphate 330°. 


Thermographic investigations were performed monosodium phosphate and sodium hexameta- 


phosphate over the interval. 


90.4 9.6 90.4 9.6 90.4 
168 60.0 21.8 
192 62.0 20.8 
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OXIDATION AQUEOUS SODIUM SULFITE SOLUTIONS 


POSITIVE GASEOUS HYDROGEN. HELIUM, AND OXYGEN IONS 


The method oxidizing aqueous sodium sulfite solutions positive gaseous ions was proposed Pavlov 
the development his studies positive gaseous ions very vigorous oxidants independent the nature 
the gas [1,2,3,4,5]. The principle the method consists the following. When current flows series through 
gas and electrolyte, gaseous ions which water are obtained the gas discharge 
with process occurring Wilson The solvated ions are directed toward the liquid the electrical field 
and enter it. this, the electron level positive gaseous ions (hydrogen, helium and oxygen) carried the 
electrical field into the sulfite solution lower than the electron level the existing solution, then 
the positive gaseous ions must react with the ions, for example according the reaction: 

Because stripping electron from ion, evident that product should formed having 
higher degree oxidation, and thus positive gaseous hydrogen ions, well those other gases, must oxidants 
compared ions, 


The oxidation aqueous sodium sulfite solutions has been studied for long time many authors from 
varying This question occupied Tittoff theory for oxidation aqueous sodium sulfite solu- 
tions was proposed Haber [7]. conclusions were based considerably earlier studies Baubigny [8,9], 
who showed that when divalent copper ions were introduced into aqueous sodium sulfite solution absence 
oxygen, sodium dithionate formed solution and cuprous oxide deposited precipitate. Baubigny gave the 
following scheme for the course reaction: 


Starting from primary formation monothionic acid oxidizing aqueous sodium sulfite solution, Haber gave 
the following scheme for oxidizing sulfite presence oxygen. 


Later, [10,11] some what modified the oxidation scheme proposed Haber. Backstrom, not 
denying formation, proposed the following scheme for sulfite oxidation: 


The chain broken consequence the reaction: 


The presence dithionate ions, observed aqueous sodium sulfite solutions after exposure light 
oxygen, also indicates formation, because dithionate ions are formed this case combination 
monothionate ions into dithionate ions, 


Here monothionic acid formed from sulfite ions because the action light removing electron, 
which, its dissociates water molecule according the reaction: 
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ant, 

N.A. Shilov [12] appears the originator studies chain reactions. N.N, Semenov [13] selected 
his monograph, example the many types chain reactions, oxidation aqueous sodium sulfite solu- 
tions, using theory explain the process. Later experiments Gerandes [14] oxidizing sulfite ions 
oxygen led him deny Haber’s theory, since oxidizing sulfite ions with divalent iron ions gave the same 
effect did trivalent iron the Gerandes According Gerandes, sulfite oxidation presence 
iron ions takes place account oxidation and reduction iron absence oxygen, sulfite oxidizes 
account iron ions the divalent form and establishing equilibrium between them. 


Generalizing the results all researchers oxidizing aqueous sodium sulfite solutions, which are given 
the literature, may conclude that: 


most workers (Haber, Backstrom, and others) consider that oxidation aqueous sodium sulfite solutions, 
both presence catalysts and also simple photochemical reaction, proceeds via phase monothionic 
acid formation; this the active center causing reaction; 


work was performed using positive gaseous the oxidant. 


studied the reaction ions, present aqueous solution, with positive gaseous hydrogen, helium and 
oxygen ions, directed electrical field into aqueous sodium sulfite solution, order explore the processes 
occurring thereby. 


EXPERIMENTAL 


Electrical equipment. The arrangement equipment for electrolysis given Fig. 


direct current having potential from 2000 
3000 was used for electrolysis. The high poten- 
tial necessary obtain discharge through the 
gas present the electrolyzer atmospheric pres- 
sure. The latter was provided for the purpose 
eliminating the harmful effect saturated vapors 
over the solution, i.e., that there would 
large quantity the gas molecules interest 
(hydrogen, helium, oxygen) the gas mixture 
the moment discharge. The discharge took 
place between the end platinum electrode 
diameter) and the electrolyte surface the 
closed wide leg the electrolyzer (Fig. 2.). 


construction was em- 
pirically. The separation between the platinum 
electrode tip and the electrolyte surface, i.e., the 
“spark" length, was measured cathetometer. 
Because the gaseous ions produced react their 
passage through the electrolyte, the gas 
the electrolyzer continually decreases, and con- 
sequently, the length The spark 
length was held constant during test holding constant electrolyzer solution level, during this, determined 
the quantity gas evolved from absorbed the solution during the test period. Measurements were conducted 
atmospheric gas pressure both the electrolyzer and the The second electrode (0.5 diameter) 
was immersed electrolyte solution which filled the narrow leg the electrolyzer and was isolated from the 
air. The quantity charge passing through the electrolyzer was calculated from the quantity oxy-hydrogen 
gas the coulometer. 


transformer for increasing voltage 2000 3000 
kenotron; condensor; burette; electrodes; 
Cou) Coulometer; galvanometer; voltmeter; 
lighting circuit. 


Measurements were performed under atmospheric pressure gas. For the purpose controlling 
constancy the working equipment, ammeter was included the secondary circuit and volt-meter was located 
the primary circuit establish voltage applied the transformer. The term used above, not 
absolutely precise, because condition spark discharge the gas existed certain circumstances while 
others was one high voltage arc. 
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TABLE 


Sample concen- Quantity gas se- Spark 
tration from solu- length 
absorbed 


solution 


191.0 
238.0 
236.0 
233.0 
0.6 111.0 
0.6 113.0 
0.6 
1.0N 167.0 
168.0 
15.0 
14,0 


‘ 


Oo 


general, all experiments were performed with the elec- 
trolyzer shown Fig. but portion the work was 
formed electrolyzer described Pavlov [2,3]. 


Electrodes; gas aspirator; bu- 
rette; three-way cock- conden- 
ser; water inlet condenser. Method, carrying out the experiments 
with aqueous sodium sulfite solutions, four fundamental vari- 
ables were subjected measutement: change volume the gas serving source gaseous ions: quan- 
tity electricity passing through the ionizing circuit; quantity sulfite ion disappearing from 
solution; quantity sulfate ion appearing solution. out the experiments, current 
strength passed through electrolyte was temperature was that the room (from 25°C); spark 
length was not more than less than 1.5 mm; sodium sulfite solution sulfite concentration varied from 
0.6 


All the stated values were established practice based whole series supplementary tests, During these 
experiments came upon the fact that certain factors (atmospheric pressure, strength, spark length, and 
did not remain constant during the course even one experiment. Test temperature variation did not exceed 
0.5°, Variation current strength passing through the electrolyte, did not exceed 0.5 mA. Variation spark 
length during the period experiment did not exceed 0.1 mm. 


explore the effect the stated factors sulfite solution oxidation rate, wet whole series supple- 


mental experiments. was necessary this because the complete absence references this question 
the 


result was shown that experiments performed the same conditions were reproducible despite slight 
inconstancy certain Discrepancies occurring experimental results did not usually exceed limits 
experimental accuracy, can seen from Table 


Note The quantity electricity passing through the electrolyte was determined the time which 
oxy-hydrogen gas was evolved the coulometer experiments with and experiments with Hg. 


Note Oxygen was used experiments 1-11. Hydrogen was used experiments 12-13, 


Materials, Chemically pure reagents and acids were used this work. All sulfite solutions were pre- 
served under hydrogen during the entire course experimentation order avoid oxid:zing them sulfate. 
The sulfites were analyzed for sulfite and sulfate content, and some cases for free alkali and also approximate 
hydrogen ion concentration (using selected indicators) the aqueous sodium sulfite solutions. 


the gases used the experiments, oxygen and helium were obtained commercially but hydrogen 
was prepared action caustic soda solution aluminum turnings followed corresponding purification 


the gas. All gases were analyzed for contained impurities using the gasometric system Knorr, Zimin, and 
Platonov. 


Hydragen, rule did not contain more than impurity, which about 0.5% was oxygen. Helium did 
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not contain oxygen hydrogen (within the limits analysis). Oxygen contained about 3.5% nitrogen 


impurity. 


DISCUSSION RESULTS 


Explanation oxidizing tendency positive gaseous hydrogen, helium, and oxygen ions. For this pur- 
pose several series experiments were performed (Figs. and 4), which aqueous sodium sulfite solutions were 
bombarded with gaseous ions positive, negative, on. 


Fig. Quantity oxy-hydrogen gas 
evolved coulometer Quantity 
its bombardment with gaseous hyd- 
rogen helium ions and 2), 
negative (3); during ordinary hydrolysis 
(4); experiments with spark parallel 
with hydrogen; and experiments with 
helium. 


Fig. The quantity oxy- 
hydrogen gas evolved coulometer 
solution (ml): during bom- 
barding solution gaseous oxygen 
ions-positive (1), negative (2); 
during ordinary electrolysis (4); 

experiments with spark 
lel surface aqueous 
solution electrolyzer (3). 


can be. seen from the data Fig. and that the action positive gaseous hydrogen, helium, and 
oxygen ions sodium sulfite solution sharply different from the action other electrolysis and 
from the action sparks which are parallel the sodium sulfite solution surface the electrolyzer. 


The rate evolving hydrogen from sodium sulfite solution experiments with positive hydrogen and helium 
ions and the rate absorbing oxygen sodium sulfite solution experiments with positive oxygen ions was 
significantly higher than rates all other series experiments, and consequently, the rate sulfite oxidation 
was also significantly higher. (The relationship between rate sodium sulfite solution oxidation and the 
quantity oxygen absorbed hydrogen evolved from during the experiment given below). 


conclude that positive gaseous hydrogen, helium, and oxygen ions are strong oxidants. 


Explanation processes occuring aqueous sodium sulfite solution its bombardment positive 


gaseous helium and hydrogen ions. 


the action positive gaseous hydrogen and helium ions aqueous sodium sulfite solutions, was 
tablished that: during the period passing current, continuous hydrogen evolution from solution was 
gas volume aspirator continually increased, Independent the sodium sulfite solution concentration used, 
the rate hydrogen evolution from solution remains constant the beginning the experiment, and decreases 
the longer current passed through the solution (Table 2). 
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TABLE Reduction rate explained change ini- 
tial electrolyte composition consequence 
Positive Hydrogen reactions caused cutrent, During the course 

Quantity that interval time during which from 
Hydrogen, evolved solution oxy-hydrogen gas was evolved the coulometer 
ml) per oxy-hydrogen gas the electrolyzer solution remained transparent, 
1.5 then, with further passage current through the 
solution solution, the latter gradually developed slight 
opalescence which increased and turned 
The precipitate, was established 
analytically, contained sulfur. the same time 
that hydrogen was evolved from the sodium sulfite 
solution, observed that disappeared 
from 


Oxy-hydrogen 
gas evolved 
coulometer 


» 


The number ions disappearing from the 
sulfite solution (Table proportional 
the number milliliters hydrogen evolved from 
the sulfite solution and also proportional the 
quantity electricity passing through the electro- 
lyte during the experimental period, 


TABLE 


Along with the soz ions from 
sodium sulfite solution, soz ions accumulate 
solution (Table 4), 


ions disappearing 
from solution 
per 
tal 
evolved 


Quantity 


Oxy-hydro- 
gen gas 

evolved 
coulometer 


evolved 
from 
solution 


solution: 


ons disappearing from solution, but sig cantly 
smaller than the latter (Table 4). This 
greater with positive hydrogen ions than 
These facts may evidently explained 
ABLE working with positive gaseous hydrogen 
halium ions, may assume that oxidation aque- 
ous sodium sulfite solutions takes plac ding 
Oxy-hydro- Experiment 
the reactions: 
gen gas disappear- forming with 
meter (ml) (from gas) (9) 
(11) 
SO, (from solution) 


(12) 


The literature indicates possible formation hypothetical monothionic acid which does not exigt 
the free state (Semenov [13], Rais [15], Haber [7], and others), 


According reaction (12), solution acidity should increase (by 0.007 according theoretical calculations), 
necessary, note that small increase hydrogen ion concentration takes place solution, then 
must formed time corresponding quantity negative ions. the case which there 


vapor solution (in the form negative ions) for forming hydrogen ions, then the hydrogen ions give their charge 
and are evolved free 


Experi- 
ment 
with 
| 
1325 


Free hydrogen formation takes place (8), (9), and (12). Hydrogen the moment its evolution 
strong reducing agent, and particularly reduces sulfite. Reduction take place variously depending reaction 
conditions (length passing current through sodium sulfite solution, sodium sulfite solution concentration, and 


using positive gaseous helium ions for oxidation aqueous sodium sulfite solutions, fewer side reactions 
can take place, because neutralizing the positive helium ions (reaction 10), the inert gas evolved does not react 
with any the ions present solution. 


Sulfite reduction possible this case only account hydrogen evolved reaction account 
usual cathodic reduction, also takes place when working with positive hydrogen ions. 


working with helium, this evidently also explains the smaller loss ions from sodium sulfite solu- 
tion during formation the same amount soz ions passing the same quantity electricty through the 
solution and evolving the same number milliliters from solution experiments with hydrogen, 


According reaction (12), per unit elementary charge introduced from the gas, three ions should 
formed solution, and 2.5 molecules hydrogen should evolved from 


was experimentally, that per elemental charge introduced from the gas into 1.0 concentration 
sulfite solution, 2.7 soz ions were formed and from 2.2 2.5 molecules were evolved the experi- 
ments with hydrogen; the experiments with helium: 2,75 soz ions and molecules hydrogen. 


These data closely approach equation (12) despite its complexity view the large number molecules 
taking part the reaction. 


Our attempts find simpler reaction scheme for oxidizing sodium sulfite positive gaseous hydrogen 

and helium ions was not Thus, for example, the reactions: 


the quantity ions formed solution and the quantity free hydrogen evolved, calculated according 
equations (13) and (14) not agree with data obtained experimentally. 


Explanation processes taking place aqueous sodium sulfite solution during its bombardment 
with positive gaseous oxygen ions. actior oxygen ions aqueous sodium sulfite solu- 
tion, was established that during the period current passage, continuous oxygen absorption the solution 
was observed, such that the aspirator gas volume continually decreased. 


Independent the sodium sulfite soiution concentration employed, the rage oxygen absorption the 
solution, which remained more less constant the start the test, decreased with passage 
current through the solution (Table 


TABLE The reduction rate explained change 


Quantity initial electrolyte composition consequence 


reactions the current. The quantity 
Oxygen (ml) absorbed solut 
ygen (ml) oxygen absorbed the sodium sulfite solution 


Oxy-hydro- 


gas 

quantity electricity passing through the 
electrolyte. Preservation this proportionality 


depends many factors (spark length, and 

on). Simultaneously with oxygen adsorption 

from solution was observed(Table 6): 

pearing from the solution; No, the 

Aong with the disappearance SO% from 


sodium sulfite solution, soz ions accumulate 


Quantit 
disappearing from 


sorbed solution 

Per total vol- No, 
oxygen ume oxy- 
solution absorbed 


gen absorbed 


solution (Table 


solution. 


can seen from Tables 


From which obtain: 


ium sulfite solution positive gaseous oxygen ions takes 
place according the reaction: 


Naturally, depending experimental conditions, 
NO, appearing per unit elemental charge introduced from 
the gas different (Table 8). 


TABLE 
Quantity 
SO§ ions disappear- ions forming 
ing from sulfite solution 


solution 


0.637 


0.99 
0.728 1.07 
0.784 
ABLE 


solution hydrogen gas, elementary length 


concen- evolved coulo-| charge, in- (mm) 
tration meter (ml) 


troduced 


Per unit elementary charge introduced from the gas, working with positive gaseous oxygen ions, from 1.5 
molecules oxygen are absorbed (Table 8), and consequently, from ions are formed (Form- 
ula 3), the process sulfite oxidation takes place here chain reaction, 


Based the experiments performed, should regard the oxidation aqueous sodium sulfite solutions 


positive gaseous oxygen ions the result several processes: 


Simple oxygen absorption aqueous sodium sulfite solution. This process takes place slowly and has 


almost effect the experimental results, 


Absorption solution activated oxygen which forms the discharge (ozone atomic oxygen). 
Formation activated oxygen the spark was confirmed both the experiments with sparks the 
solution surface the electrolyzer and experiments with negative oxygen ions (Fig. 4.) 


Direct oxidation ions positive gaseous oxygen ions their charge with 


the ions, 


For example, according the reactions: 


(Equations 


SOF —_ 1 4-6 16 
0-8 
0-3 


+ 
(from gas) 


Combination with oxygen, according reaction (15), formed from positive gaseous ions after discharging 
their charge, 


The overall process oxidizing aqueous sodium sulfite solutions, despite the various intermediate reactions, 
corresponds reaction (15). 


SUMMARY 


Electrolyzer construction and method operation were developed. 


was shown that the positive gaseous hydrogen, helium, and oxygen ions sodium sulfite 
solution sharply different from the action other types electrolysis and from the action sparks parallel 
the solution surface the 


reaction scheme was proposed according which positive gaseous hydrogen and helium ions oxidize 
aqueous sodium sulfite 


was shown that the purest oxidation condition was observed using positive helium ions the oxidant, 
because positive hydrogen ions partially reduce sulfite ions after their 


was explained that oxidation aqueous sodium sulfite solutions positive gaseous oxygen ions takes 
place as. chain reaction, and the final oxidation result corresponds the reaction: 


was shown that positive gaseous hydrogen, helium and oxygen ions are extremely strong 


The method oxidation positive gaseous ions significantly stronger than the method ordinary 
and particularly pure case gases are 
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REDUCTION SILICOTUNGSTATES HYDROGEN 


VI. METHODS ANALYZING SILICOTUNGSTATES AND TUNGSTEN BRONZES 


Nikitina and Kokurina 


our previously published four contributions [1,2,3,4], methods were given for preparing and for carrying 
out numerous analyses various potassium silicotungstates and tungsten bronzes, The present paper devoted 
description those methods analysis which were used establish silicotungstates, bronzes, 
and products their reduction hydrogen, 


Analysis silicotungstic acid and its salts consisted determining water, SiO, (or and 
Cl'. Determination water was the and ignition constant weight. The end ignition 
was determined color change the sample, which acquired color 


Determination sample about the substance was dissolvedin water and precipitated with 
quinoline acetate. The precipitant was prepared from quinoline, acetic acid, and 100 
water, After thoroughly washing twice with diluted precipitant, the quinoline silicotungstate precipitate was taken 
for subsequent SiO, ana determination. The and wash waters were evaporated; the dry residue gently 
calcined, converted addition H,SO, and weighed the this compound, 


Determination SiO, and WOs. The quinoline silicotungstate precipitate was dried oven and 
heated and ignited porcelain crucible constant weight. 


The SiO, and WO, oxides obtained were transferred platinum quartz boat and treated with hydrogen 
chloride tube furnace 600°; vaporized the basic chloride, SiO, remained the boat and 


Quinoline silicotungstate water-insoluble, and consequently, very use for pre- 
cipitating heteropolar anions; some experiments, the complex was precipitated with cinchonine, which also 
gives insoluble compound with silicotungstate 


Ina number experiments with samples having low K,O content, the silicotungstate analyses were conducted 
another method: the sample ignited salt following water determination was treated with. hydrogen 
600° temperature; hydrogen chloride volatilizes the residue was dissolved water and filtered from 
the the filtrate was titrated (Mohr method), and SiO, was checked for purity vaporization 
with 


several experiments, colorimetric method was used for determining SiO, quantity based forming 
silicomolybdic anions result reaction between SiO," and ammonium paramolybdate, For this 9.5 
sample the substance being analyzed was melted platinum crucible with sodium acetate, The melt 
obtained was extracted with 30-40 water beaker; the solution was filtered into 
flask, brought the mark and thoroughly mixed. 5-10 the prepared solution was pipetted 
the flask and titrated with methyl orange; this manner established the quantity 
bring the medium definite the subsequent Subsequently, similar 5-10 
the test solution was taken with pipette into tube having dimensions the quantity already 
necessary was added with 0:2 excess and thoroughly After this, ammonium 
date solution was added, the mixture mixed, and the tube set steam bath for minutes After 
dual cooling, the solution was poured from the tube into graduated cylinder Egerts tube and colorimetered 
against standard solution prepared separately. 


determination was conducted iodometric method developed Zvenigorodskaya and Gotsdiner 


Determination saponifiable and unsaponifiable alkali silicotungstate samples were reduced hydro- 
gen. sample weighing was wrapped packet dense filter medium and treated Soxhlet apparatus 
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with hot water for period 5-6 hours, After this treatment, the solution containing and was 
evaporated dryness and dried drying oven (for period hours) remove free HC], The 
dry residue was treated with hot water and filtered, residue containing H,WO, and remained the filter 
and KCl was found the filtrate. 


The residue was heated platinum crucible and then treated with few drops (density 1.84) and 
dried water bath, The ignited residue was treated with hydrogen chloride and weighed. SiO, was 
checked for purity vaporization with H,SO, HF, and difference. The filtrate, containing 
was titrated using 1/20 (Mohr method), 


Determination oxygen silicotungstates, Alg sample the substance after water determination was 
placed molybdenum boat and reduced temperature 800° for 2,5 hour period 
(to constant weight) dry pure electrolytic hydrogen atmosphere. Oxygen was determined weight loss. 


Analysis Bronze for Its and Tungsten Content 

sample the substance weighing about was calcined muffle 550-600° temperature constant 
weight; the tetravalent tungsten the tungsten bronze was converted calcination, the sample sub- 
jected hydrogen chloride treatment; result hydrogen chloride action tungsten quantitatively vaporized 


the residue from hydrogen chloride treatment contains potassium (sodium) chloride, which titrated 
using silver nitrate (Wohr 


conclusion, note that methods for analyzing tungsten bronzes for sodium were fully given the work 

Spitsyn [6]. 1950, Arne Magneli [7] proposed the following method for analyzing tungsten bronze; 
vaporized heating temperature 500° stream hydrogen chloride and oxygen; the bronze forms 
residue chloride, Following solution water, the quantity chloride determined titration with 
silver nitrate (by Mohr method). another variant the method analysis, the bronze decomposed heating 
with ammonium persulfate. After treatment water, the ammonium salt aqua regia; sulfuric acid 
removed heating and evaporating dryness. Alkali metal ions are isolated ion exchanger, regenerated 
with hydrochloric acid, and determined argentometry; tungsten precipitated its mercuric oxide salt; the 


oxygen content determined decomposing the bronze using alkaline solution and determining 
its excess iodometrically. 


Magneli notes that the method proposed him not suitable for analyzing tetragonal sodium bronze. 
can seen from the presented description, this foreign method has more limited applicability and significantly 
complicated than the methods which use the present paper. 


SUMMARY 


method for analyzing silicotungstic acid and its salts described, which consisted determining water, 


method for determining saponifiable and unsaponifiable alkali silico- 
tungstate samples. 


method given for determining oxygen silicotungstates well method for analyzing bronze for 
its and tungsten 
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STUDY GOMPLEX FORMATION TERNARY SYSTEM SOLUTIONS 


Ya. Gorenbein 


studying the system [1] the electrical conductivity method. was shown that the 
binary systems and conduct almost current. However, the ternary system 
acurrent The appearance conductivity systems consisting components which 
not conduct current their individual liquid states explained the formation current conducting complexes. 


Investigation this system was performed such way that the molecular ratio between aluminum 
and chlorobenzene remained constant, changing the concentration antimony bromide. However, were 
not able establish the composition the compoundformed solution despite the fact that the molecular ratio 
somewhat exceeded equimolar mixture these components. 


Thus, for molecular ratio equal 0.102, the molecular ratio attained 
with molecular ratios equal 0.35 the highest molecular concentration ratio 
reached 1,39, and even the specific electrical conductivity-composition curves there were none the 
special characteristic cusps which one could judge the compositiun which complex formed solution. 


Naturally, was interest study this system using modified method for changing the concentration 


system components such manner that one component, used solvent, should remain and that concen- 


trations the remaining two should change according such rule that the sum their gram-molecules 
remain 


EXPERIMENTAL 


materials and method working, Aluminum bromide and antimony bromide were prepared and stored 
the very manner which was described our previous paper [2]. Chlorobenzene after careful purification was 
dried over fused calcium chloride and distilled into elongated tube which was immediately sealed when 

this work used preparation distilling constant temperature, Solutions appropriate were 
prepared conical flask with The calculated quantity chlorobenzene was added from burette 
the melt. The quantity added was checked weighing. preserve the solutions from 
moisture, the burette (25 ml) communicated with the air through calcium chloride tube filled with agent. 


After filling the vessels for electrical conductivity, viscosity and pycnometry with the solutions, the tubes 
were placed water thermostat and were taken for test after passage some time. Variation thermostat tem- 
perature did not exceed 


Electrical conductivity was using lamp generator and optical indicator 


Electrical conductivity, viscosity, and The system was studied the liquid state for 
fusibility [4] electrical conductivity [5, 6], and viscosity [6] over the full range According 
these data, the electrolyte complex having the 


Electrical conductivity this same system was studied variety organic solvents (benzene, toluene, 
nitrobenzene, ethylene bromide, and on) which form compounds with components present the given complex. 
Chlorobenzene does not form compound either with with separately. This significantly eases 
solving the question electrolyte composition solution and together with this makes possible the 
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than the concentration, which knew. Thus the coefficients were equal to: and 

where the temperature coefficient was calculated for the temperature interval from 

20° for the 0.2 isomolar concentration, and where the concentration coefficient was calculated for temperature 
20° and for range isomolar concentrations from 0.2 0.3. expect that further study will make 
possible establish interrelations between these coefficients. 


viscosity ratio antimony bromide aluminum ivity antimony bromide aluminum bromide con- 
bromide. centration ratio 20°. 

0.2 Isoconcentration; 0.3 0.2 Isoconcentration; (II) 0.3 isoconcentration 20° 


The Fig. curves give the dependence specific electrical conductivity antimony bromide 
concentration that aluminum bromide. The conductivity maximum indicates the composition the elect- 
rolyte forming solution. with the viscosity data, also for electrical conductivity~ the complex composition 


The curves marked with Roman numeral were constructed from data isomolar concentration 0.2, 
while the curves marked with Roman are for isomolar concentrations equal The numbers the 
right hand ordinate axis refer curves II, 


The effect temperature and concentration system conductivity shown Fig, With increase 
temperature, the specific electrical conductivity decreases somewhat (curves This, evidently, explained 
decomposition the current-conducting complex into its constituent components, Increase concentration, i.e., 
transition higher isomolar concentration for the components leads significant increase 
‘solution conductivity, This connected with significant increase degree association the forming 
solution. 


known, solvents with small with increase electrolyte concentration, its degree association 
increases; together with this, the solution electrical conductivity increases. Thus. for example, increase concen- 
tration the complex aluminum bromide solvent leads increase inits molecular weight; 
concentration molecular weight 668, and 22.52%it equal 1850 [9]; along with this, the 
electrical conductivity also increases 6]. Conductivity this complex benzene solution, concentrations 
which its molecular weight equal its formula weight according cryoscopic data, very small. Thus, with 
15%concentration complex benzene, its molecular weight close its formula weight and its 
conductivity equal mho With increase concentration, molecular weight increases and does 
solution conductivity. This complete agreement with the law for reducing corrected molar electrical conduct- 
ivity diluting high concentration solutions [11], 
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4 IN? 1 15° 


effects dilution and temperature system viscosity 
viscosity, and density the stated system two isomolar concentrations, equal 0.2 and 0.3, and 15, 20, 25, 
and 30°, 


Molecul 


0.1989 
0.2003 
0.2004 
0.1999 
0.1998 
0,2006 
0.200 

0.1995 
0,1992 


TABLE 


for isomolar concentration equal 0,2. 


Temperature 20° 


TABLE 


0.2999 
0.110 0.2977 
0.2994 
0.474 0.3000 
0.549 0.3005 
0.524 0.3008 
0.409 0.2969 
0.312 0.3011 
0.233 


68.08 
51.51 
46.41 
36.50 
25.77 


Mol. 


1.5621 


1.6136 
1.6303 
1.6631 


Results measurements temperature are given Tables and the other data are given graphi- 


0,3, 


1.159 
1.319 


1.548 
1,541 
1,536 


For this purpose, studied electrical conductivity, 


0.259 
1,843 
1,976 
1,553 


Variation system viscosity with ratio 
components (SbEr, for the two isomolar 
concentrations 0.2 and 0.3, during which the total number: gram molecules components was taken 100 
shown Fig. Isothermal curves for 20, 25, and 30° characterize the variation system 


For graphical presentation compare two curves this figure; isoconcentration equal 0.2 
20° temperature, and the very same temperature isoconcentration 0.3. The scale the 


hand ordinate axis remains the same, but numerical values have been shifted upward somewhat for convenience, 


can clearly seen from the data presented that 


reducing system viscosity. although naturally varying degrees. 


otherwise equal conditions. 


decreasing concentration increasing temperature leads 


one compares system viscosity the molten state [6] with our data for the 
then completely clear that addition indifferent solvent gradually reduces system viscosity, the langest 
viscosity will observed that time when the complex forming the system appears the pure liquid state under 


Such observed Kurnakov and Kvyat [8] their study the 


allyl mustard system. This kind study should furnish material for theoretical calculations 
the effect indifferent solvent temperature system viscosity, either its dependence 
known the dependence system viscosity indifferent solvent added known. 


Since the viscosity curve maxima correspond equimolarcomposition for the compound forming 
solution, calculated the temperature and concentration viscosity coefficients forthis electrolyte according 


the formulas: 


For our isomolar concentrations 0.2 and consequence reaction between the components 
form complex having the composition concentration the latter was smaller 2-fold 


The marked with asterisks were obtained extrapolating data for the system 
measured temperatures 35, 40, and 45°; (at lower temperatures crystalline separates), 


1.333 
50.58 1.4628, 1.361 
46.15 1.4704] 1.352 
28.38 1.329 
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conformity with this law, the highest system electrical conductivity would correspond the corrected 
electrical conductivity the individual liquid electrolyte. This state corresponds the highest degree association 
[9]. Depending the amount dilution. the degree association decreases, electrical conductivity and the 
electrical conductivity maximum becomes more sloped; electrolyte state corresponding the mole~ 
cular weight solvents with small the conductivity smallest. The maximum almost levelled 
off. solvents with large this point corresponds minimum molecular electrical conductivity. Further 
dilution these solvents leads electrolytic dissociation the neutral ion pairs according the laws dilute sol- 
utions and the molecular weight here will already less than the formula 


consequence resulting from the laws highconcentration electrolytic solutions the effect that the 
electrolyte solution should observed its lowest conductivity the monomolecular state, was confirmed 
for other electrolytes various solvents. 


SUMMARY 


Viscosity, electrical conductivity, and density the system were studied over the 
entire range and concentrations, two isomolar concentrations and varying temperatures. 


was shown that the use our method for studying ternary systems gives more satisfactory data for 
judging the composition complex compounds forming solution, 


was established that the reason for appearance conductivity this system was the formation 
complex compound having the composition 


was shown that maximum conductivity was reduced transition from higher isoconcentration 
lower one, and that reduction degree association the electrolyte was full agreement with the law for 
decrease molecular electrical conductivity high concentration electrolyte solutions dilution. 
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VAPOR-LIQUID PHASE EQUILIBRIA THE SYSTEM 


mixture formed thermal degradation orthophosphoric acid, its reaction with phosphoric 
anhydride, which contains various phosphoric acids: triphosphoric 
acids: and metaphosphoric acids having the general formula will call 
such mixture phosphoric acid", 


Mutual transformations the stated acids, except for polymerized metaphosphoric acids, take place 
rather rapidly; consequently, the ratio acids the mixture the total phosphoric anhydride 
content and does not depend the method which the mixture was prepared 3], formation 
polymerized metaphosphoric acids excluded. From this follows that vapor pressure the system 
uniquely determined the liquid phase phosphoric anhydride content (with the above stated reservation). 


Data published the literature variation vapor pressure over phosphoric acids with temperature and 
composition [4-8] covers wide range phosphoric anhydride content. However, these data are limited ~up 
pressure only one atmosphere. Results measuring vapor pressure over phosphoric acids pressures one 
atmosphere and higher 


Methed Measure:::ent 


Measurements were apparatus (Fig. 1), novel feature which was use the liquid 
whose vapor pressure was being determined manometric fluid differential manometer, U-shaped tube 
was used for this; its narrow arm was Closed and filled with liquid the start. Liquid level the open arm was 
thus lower than its level the closed arm (in selecting the difference levels necessary consider liquid 
expansion heating). Inert gas pressure, measured with manometer, was maintained over the liquid the open 
arm. Subsequently, the U-tube was gradually heated. some particular bubble vapor formed 
the closed arm, this moment, saturated vapor presses the liquid the closed arm and inert gas presses 
the liquid the open arm. further increase temperature, the liquid the arin with 
rise level the open one, The levels are equal equilibrium the saturated vapor pres- 
sure and the inert gas pressure. The manometer reading directly the liquid vapor 
the which the levels are equal. For measurement accuracy, one should proceed slowly 
close this temperature. Since the vapor phase voluine sinall, its does not involve significant change 
liquid composition. Measurements pressure were conducted pyrex glass tube; here air was 
used the inert gas. Heating was provided air therinostat bath containing molten mixture 


and NO, The moment the levels were equal was 
fixed direct observation. 
Our tests number materials showed 
that copper was significantly more resistant the 
action strong phosphoric acid high tempera- 
tures than various steel, bronze, brass, and 
other alloys, Consequently, tube prepared from 
red copper ore (cuprite), was used for measure- 
ments pressures above atmospheric. molten 
mixture and NaNO, was used for heating. 
The differential manometer null position this 
case was determined closing contact employ- 


ing the rather high electrical conductivity phos- 
phoric acid. 


1 


Apparatus construction shown Fig. 
The copper U-tube filled with phosphoric acid 
known composition, was connected 


gas valves precision Equipment arrangement for determining vapor pres- 
(one scale division was equal atm), water sures over phosphoric acids pressures greater than 
Cooling coil and airplane engine spark plug Explanation (of symbols) given text. 


| i 
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used for introducing electrode copper wire, insulated porcelain sleeve along its entire length, served 
electrode and was soldered the spark plug. The bare end the wire was placed the zero level. The 
moment contact was made the acid touching the bare electrode end was indicated the signal lamp 
electronic relay The apparatus connected compressed nitrogen cylinder valve Valve used 

for regulating pressure. Temperature measured thermometer immersed bath and thermocouple-11 
mounted the measuring tube, For convenience filling the measuring tube with acid, the seal the short arm 
was made using conical plug and 13. establish the necessary difference levels, excess acid was 
removed from the open arm connecting the tube via glasscapillary set the zero level. 


Strong phosphoric acid was prepared heating crystalline orthophosphoric acid (analytically pure) with 
previously distilled phosphorous pentoxide flask 180° for 8-50 hour period until the solution was 
completely homogeneous Samples were analyzed for total phosphoric anhydride gravimetric procedure 
cipitation phosphoric anhydride ammonium [9], method potentiometric titration with 


quinhydrone and electrodes [10], and directly titrating sample acid being analyzed after first 
boiling water thymolphthalein, 
The difference between results determined the methods did not exceed The samples 


prepared contained from weight% phosphoric 


Results Measurement 


The first series measurements involved the temperature which the vapor pressure over 
phosphoric acid was equal atm. The low volatility phosphoric acid enables assuming that the gas phase 
over consists almost entirely water vapor According Brown and Whitt [8], 
the gas phase over phosphoric acid contains 0.47 wt. 300° and 1.96 this basis, 
may assume that the values obtained for vapor pressures over phosphoric acids correspond the water vapor 
pressure, Measurement results are given Table and illustrated graphically Fig. 


should particularly noted that singular 
point present the temperature isobar TABLE 
(Fig. 2.) which corresponds transition from aqueous 
orthophosphoric acid solutions strong phosphoric 
acid, Phosphoric anhydride content this point 
responds the formula This fact 
any the earlier papers determining vapor pres- 
sures the System. 


Dependence Liquid Phase Composition Tempera- 
ture which Vapor Pressure was atm 


Fig. compare literature data depend- 
ence phosphoric acid composition temperature 
constant vapor pressure with results from the present study 
data the several authors agree very well for or- 
thophosphoric acid solutions. Our data are somewhat dif- 
ferent from literature values for strong phosphoric acid; 
this, evidently, explained the difference methods 
used performing the measurements. 


The curve given Fig. may used for 
termining phosphoric anhydride content phosphoric 
acids. For this determine the temp- 
erature which test sample vapor pressure becomes equal atmospheric pressure, 


the sécond series measurements, determined vapor pressure dependence temperature for con- 
stant acid compositions using seven samples having contents ranging from 69.8 76.3 wt. Measurement 
results are given Tables and and are presented graphically Fig. 


Was the ratio vapor pressure over phosphoric acid the vapor pressure water the same 
linear dependence exists between log anhydride content the acid constant 
temperature. Isotherms this type are shown Fig. The slope angle the straight lines with respect the 
composition axis changes sharply transition from aqueous orthophosphoric acid solutions strong phosphoric 
acids, Consequently, the relationships between composition, vapor pressure, and temperature must expressed 
different equations for aqueous solutions and for strong phosphoric acids, For strong phosphoric acids, 
isotherms illustrated Fig. may fitted equations the form: 
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29.0 103° 13.2 290° 
50.7 123° 297° 
53.5 130° 14.5 301° 
57.5 141° 14,7 304 
180° 16.3 318° 
10.7 240° 79,0 355° 


TABLE 
Dependence Aqueous Orthophosphoric Acid Solution 
Vapor Pressure Temperature. 


erature 


= 
Fig. atm Pressure Isobar for the System. TABLE 
Data sources: Ours; Kablukov and Zagvozd- Dependence Orthophosphoric Acid Vapor Pressure 
kin Britske and Pestov [5]; Brown and Temperature 
Temperature Vapor Pressure (atm). 
Fig. Dependence phosphoric acid vapor pressure 
acid the given composition; the pres- 
sure water vapor over pure (i.e., 72.4 wt. the kis depend- 
ing temperature; Cis the difference between water and phosphoric acid, ex- 
Values kcalculated equation (1) are given Table values Pand used the calculations were 


obtained graphical interpolation data Tables and 


plot kversus 1/T gives straight line (Fig. which corresponds the equation: 


500 
0.671. (2) 


11.0 
16.0 
1345 


TABLE 


Dependence Strong Phosphoric Acid Vapor 
Pressure Temperature 


Vapor pressure, atm 
Experi- According 
mental Equation (3) 


Equations (1) and (2) give: 


Experimental values vapor pressure over 
strong phosphoric acid are compared with values 
calculated from Equation (3) Table The dis- 
crepancies not exceed experimental error. 
Thus, Equation (3) may used interpolation 
equation calculating strong phosphoric acid 
vapor pressures. 


Equation (3) expresses linear dependence 
log weight percent constant tempera- 
ture. Weight percents were used for convenience 
analogous dependence would 
obtained the given composition range ex- 
pressing composition mole fraction. This kind 
dependence observed other systems. Thus, 
for example, the logarithm vapor pressure (or 
the logarithm activity) over concentrated 
aqueous solutions varies approximately linearly with 


Fig. Isotherms log pressure versus com- 
position given temperatures. 


350°, 340°, 335°, 325°, 315°, 


TABLE 


Temperature Dependence 


Temperature: 


290 325 0.1662 
315 


solution composition, can easily demonstrated examining the corresponding data relation- 


ature 
4,0 
290° 1.0 1.0 
309 3.0 2.9 
315 4.0 3.8 
322 5.0 5.0 
332 7.0 7.0 
297 1.0 
316 3.0 2.8 
315 2.1 2.0 
331 4.0 3.9 
338 5.0 
352 1.3 
335 2.5 2.6 
355 5.0 5.1 
4+10° 


new method for measuring vapor pressure was developed. 


Temperatures were measured which vapor pressures the system were equal atm the 
composition range from 29,0 wt.% 


singular point, corresponding the compound was found the 


Vapor pressure dependence temperature was measured for acids compositions ranging from 
69.8 76.3 wt, vapor pressure values from atm. 


The logarithm vapor pressure linear function water content for strong phosphoric acids (i.e., for 
content above interpolation equation given for calculating vapor pressure strong phospkoric 
acids, 
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THE SYSTEM: 


A.V. Novoselova, Vorobyeva, N.N. Knyazeva, and Paskutskaya 


the present work, made investigation system containing beryllium sulfate, ferrous sulfate, and 
water, order explore the nature the interaction these salts. was known from literature data that 
ferrous sulfate forms solid solutions with sulfate salts many divalent metals (magnesium, zinc, cadmium, cobalt, 
nickel and copper). According data Klatso [1], ferrous sulfate forms double saits with beryllium sulfate, Our 
studies the system were performed and 60°. The 60° temperature was selected 
cause the condition that ferrous sulfate and beryllium sulfate crystallize tetrahedra this temperature, and 
thus the possibility forming mixed crystals these salts would not excluded. Composition the third phase 
was determined Shreinemakers’ residue method and also the basis crystallo-optical analysis, Solutions and 
solid phase were analyzed for iron content chromatometric method, the sum was determined 
alkalimetric method, and the quantity beryllium calculated from the data obtained, Solution refractive index 
was measured with Abbe Solution density was determined using pycnometers, 


Refractive indexes for the solid phase the system under study 25° are given Table determined 
using immersion methods refractive indexes for 4H,O and are noted (taken from Win- 
handbook). 


TABLE comparaing data obtained 


handbook for the suifate salts 
beryllium and ferrous iron, may con- 


clude that the solid phase was 
Refractive index solid phase Refractive index for 
and 9(Table 2). Table and pre- 
sent results investigating liquid and 
solid phase compositions the 
system 25°, 


TABLE Liquid phase densities, 
System: (25°) refractive indexes and 


same system are given 


the Fig. data, solu- 


ber bility, density, and re- 
28.72 index isotherms 
25.53 10.88 the solutions consist- 


ing two branches, 
24.00 67.91 brium solutions with 


(branches 
sys- 
5.73 15.88 tem 60°. Ferrous sul- 
71,26 fate solutions oxidize 
very rapidly elevated 
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H,0 


2/0 


Refractive index isotherm; density isotherm; 
solubility isotherm. 


temperature. continuous stream hydrogen was 


passed through the solution order guard against 
oxidation. Stability ferrous sulfate solutions was 


noticeably increased presence beryllium sul- 
System equilibrium was reached after mixing the solution with excess solid phase for 8-10 hours, Control 
experiments were performed over hour Solid phases were investigated 


method, 


TABLE 
System: 25°. 


Salt composition 


BeSO, FeSO, 


Quantity 
water 
per 
salt 


phase 
fractive index 


ferrous sulfate and beryllium sulfate decrease each other's solubility. 


Compositions solution 
and solid phases investigated 
are given Table 

Solubility isotherms the 
system 60° (Fig. consist 
branches, corresponding 
crystallization from solu- 
tion solid phase consisting 
and 
double salts solid solu- 
tions were observed 60° 


SUMMARY 
Solubility, density, and 


refractive index isotherms were 
investigated for the BeSO, 


60°. 
was established that 


Existence and solid solutions was not observed the system. 
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4,377 cil 1475 
? 
peri- 
ment 
num- 
ber 
1.306 89.06 10.94 243.4 
83.93 16.07 226.2 
1.340 1.393 82.97 17,03 211.7 
1.389 13.64 26.36 212.3 
1.300 1.387 40.16 
1.382 19.95 80.05 


TABLE 
System: (60°) 


composition, wt. Bottom phase 


34.94 65.06 65.73 34.27 
66.70 33.30 

25.56 65.62 0.69 61.48 37.83 FeSO, 4H,O 


16.50 63.08 35.80 46.32 


1)57.04 42.96 
58.80 41.20 


The solid phases were crystal 
hydrates simple salts: 
and 60°. 
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wt. 


Test Liquid pha 
8.82 
13.58 
14.56 
20.20 
20.40 
26.70 
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SYSTEM (25°) 


Vorobyeva and Osanova 


the present work, conducted investigation aqueous system containing sulfate and man- 
ganese sulfate, for the purpose explaining the natureof interaction these salts, 


According literature data, manganese sulfate forms solid solutions with sulfates many divalent metals 
[1], zinc [2], and magnesium 


noted paper Klatso [4] that manganese sulfate forms mixed crystals two types with beryllium 
sulfate: triclinic crystals containing and 2.73% BeO; and tetragonal crystals containing 8.41% MnO 
and 10.44% BeO. 


was later shown Retgers that each the salts crystallizes separately and does not form compounds from 
solutions saturated with beryllium sulfate and manganese sulfate. 


Investigation the 25°. Solid phase compositions were determined graphically 


the residue method [6] and also the basis Liquid and solid phases were analyzed 
for beryllium content alkalimetrically and also gravimetrically BeO [8]. Manganese was determined 
volumetric procedure, according Volhard [9]. Solution densities were determined using pycnometers, Based 
the data obtained (Tables 1,2), constructed solubility isotherm (Fig. and density isotherm (Fig. for 
the system The isotherms consist two branches corresponding crystallization 
from solution the solid phases and Formation double salts and solid solutions was 
not observed the given system under these conditions. 


TABLE TABLE 


Liquid Phase Densities 


Liquid phase composi- 


Liquid phase com- 
osition (mol. 


Bottom phase 


23.14 


13.66 45.00 studied, where the solutions were 
30.05 3.10 the last two tests Table and 
33.00 analyz Fig. 1), the bottom phase was meta- 
6.14 49.70 such hydrate, there are references 


Determined crystallo-optical method number authors [10, 11] who 
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Solubility isotherms: BeSO,-4H,O; Liquid phase density isotherm. 


were investigating solubility polytherms manganese sulfate 


SUMMARY 


Solubility and density isotherms for the system 25° were 
was found that beryllium sulfate and manganese sulfate reduce each other's 


was established that the solid phases the system 25° were 
and the metastable 


Formation double salts solid solutions was not observed the system. 
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DISTRIBUTION ISOMORPHIC AND ISODIMORPHIC COMPONENTS 


BETWEEN SOLID AND LIQUID PHASES CRYSTALLIZATION 


FROM AQUEOUS SOLUTIONS 
EQUILIBRIUM 20° SEVERAL SYSTEMS WITH COMPONENTS THE COPPERAS TYPE 


The question laws for equilibrium distribution isomorphic components liquid and solid 
crystallization aqueous solutions already arose the time the Van't Hoff theory solid solution formation 
was being developed [1]. 


[2], continuingthe classical studies the Russian scientist Konovalov studying the equili- 
liquid and vapor phases two component systems, developed the classification three component 
with two isomorphic components (the third component was solvent, usually water). 


These authors directed their attention the important aspect studying the quantitative laws for equili- 
brium distribution ofisomorphic components between liquid and solid phases. However, the course more 
than years since they did this, there have been only few separate attempts [3, solve this question 
which, moreover, have not had successful results. 


Many cases studies different systems with isomorphic and isodimorphic components are limited the 
obtaining tables and diagrams which link equilibrium liquid and solid phase compositions without any theoreti- 
cal discussion. The lack guiding theoretical principle promoted inadequate reliability many experimental 
investigations systems with isomorphic components. The first change position this field was 
connected with the appearance (about 1924) the classical studies the Khlopin school [7] (Khlopin, Nikitin, 
Polesitsky, Ratner, and others) studying equilibrium distribution actual isomorphic microcomponents during 
Crystallization salts from water solutions. 


result further investigations, the linear rule for distribution isomorphic impurities was established. 
Radioactive substances were used facilitated obtaining rapid sufficiently accurate 
results. The Khan school [8] conducted work this direction. 


According the Khlopin rule, the equilibrium distribution isodimorphic mi¢rocomponent 
characterized the ratio the concentration solid phase its con- 
centration the solute portion the mother liquor usually here called the equilibrium distribution 
coefficient, but the crystallization coefficient (Khlopin) and coefficient isomorphic mixing (Chirkov) are 
also 


Ratner presented thermodynamic theory for equilibrium distribution isomorphic microcomponents between 
solid and liquid phases. 


The most important achievement this paper was the development very rapid, and the same time reliable, 
method for attaining equilibrium specific microcomponents between liquid and solid phases. Studies 
Khlopin schoo] were conducted very low the isomorphic component the order 
magnesium chlorides from aqueous solutions, the Khlopin distribution rule was confirined for microconcentrations 


solute portion the mother liquor. 


There remains, naturally, the open question the laws component distribution during transition from 
and the question the general nature equilibrium distribution curves. 


Attempts have been made [14] express the distribution curves the formula where concen- 
tration any component solute portion mother liquor; concentration the same component 


solid phase; constant, characteristic the givensystem given temperature, actuality. this 


pirical formula does not have general character, because gives for 
tions component whereas the value equal for microconcentrations, 


Evidently, for ordinary methods expressing component concentrations the solid phase and the solute 


tion the mother liquor, the lineardistribution law may applicable only for very restricted narrow 
portion the equilibrium curve. 


However, the concentration one component may expressed ratio the concentration the other 
component the same phase, and may interpret the equilibrium distribution coefficient component 
the ratio these “relative” concentrations for component the solid phase and the mother liquor: 


Then the (A, value, its reciprocal Deg A), may constant not only for 
one componenc, but also over wide interval macroconcentrations and even for the entire range compon- 
ent concentrations. Systems for which the value constant, appear any concentration compon- 
ents definite regions component concentration corresponding concentration having constant 


the particular case which the Deq (A, value equal unity (the equilibrium curve lies along the 
the diagram diagonal), the system 


For ideal systems, the usual distribution diagram curves have hyperbolic shape, expresséd analytically as: 


A = 
100 
where and are concentrations component solute portion mother liquid and solid phase; 
the equilibrium distribution coefficient value for component compared with component 

Generalizing the meaning equilibrium distribution coefficient for microconcentrations and for macroconcen- 
trations the components ensues also from thermodynamic development the equilibrium distribution question made 
Shlezinger and Zorkina Hill, Durham, and Ricci [12], and Shishkin Hill and his coworkers studied 
equilibrium distribution isomorphic components several systems with double salts the alum and schoenite 
types; however, the experimental data they obtained are part incompletely reliable, and together with this, con- 
clusions with regard ideality the under study are not always sufficiently established. The authors 


not use the Deg value, but rather its logarithm, which tends cover the nonuniform scattering determina- 
tion results, 


Activity formulas obtained for various authors theoretical thermodynamic basis differ from one 
another, rule, only methods expressing concentrations and activity For systems with 
crystals, regard most suitable the formula which activity coefficients not appear for the separate ions 
solution,. but rather the average activity coefficient the components Lewis [15]. 


Where: solubility product the pure components; 


total-number into which the each component electrolytically dissociate; 
the number non-common ions obtained dissociating molecules both components; 
the average for each pure saturated solution; 


the average activity coefficient for each component equilibrium phase mother 
liquor containing both components; 


the activity coefficient for each component the solid solution; here the standard state 


formula (1) the product taken parenthesis has constant value indpendent the ratio component 
trations. 


the event isodimorphism, the solubility product corresponds modifications each component 
which appear the solid solution. 
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cases when ions isomorphic components have similar radii measurements (which com- 
mon). types external electronic shells. and also with components which are not too strongly different 
solubility, may expect that: 


Then the system will approximately ideal for the case isomorphic components any ratio, and the 
event isodimorphism the region existence solid solutions having certain structures. Calculation the 
value for individual points connecting compositions solid and liquid phases, based experimental data, 
does not pose particular difficulty. 


Things are otherwise with regard the possibility determing the Dg, value from the formula 
(1). Even for ideal systems, calculation this formula associated with major complications, view 
the absence experimental data activity coefficients for electrolytes saturated aqueous solutions. even 
more difficult take account the system's deviation from ideality connection with activity coefficients for 
individual components the mother solution and solid phases. Together with this, the possiblity forecasting the 
degiec entraining specific isomorphic impurities crystallizing any salt from aqueous solution has important 
practical significance. isomorphism, components less soluble than the salt usually tend enter the solid phase 
larger degree than more soluble salts, but there may exceptions account corrections connected with 
the activity coefficients the components. isodimorphism, this criterion generally loses significance one 
does not consider the seldom known solubility metastable modifications the components. 


The Deg value more less dependent temperature. Character and composition the solvent may also 
have effect the Deg value; certain cases solution complex formers promote changes 
activity coefficients components solution. One [16] has discussed two rules, which enable approximate 
values number cases for systems which have not been studied experimentally. 


First rule. Fer congruent system the given temperature (third component 
solvent). any isomorphic isodimorphic impurities come down approximately the same degree during crystalliz- 
ation from solution. 


For small deviations from congruence, may introduce appropriate correction. bearing mind the fact that the 
greater the transition substance into the solid phase, the less the degree which any isomorphic isodimorphic 
impurity carried down. 


Second rule. valuesof the distribution coefficients are known for ideal system containing the 
and and for one containing components and then one may find the value for 
ideal system containing components and the formula: 


The second rule can readily obtained from formula (1); the first rule arises from the similarity properties 
components forming congruent system. 


our previously published investigation [16] distribution impurities during crystallization inorganic salts, 
was confirmed that the Khlopin linear distribution rule was applicable and values were found for various sys- 
tems with isomorphic and isodimorphic components. 


was also shown there that certain systems with isomorphic and isodimorphic were ideal over wide 
concentration interval. 


the present contribution, present results studying number systems with two isomorphic isodimor- 
phic components which were performed over the entire interval concentration for both components for the purpose 
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Thus, deviation the system from ideality connected with changes the ratios; 


exploring the laws equilibrium distribution between solid and liquid 


Methods for Studying Equilibrium between Solid and Liquid Phases 
Systems with Isomorphic Components 


The question for attaining equilibrium between solid and liquid phases systems with isomorphic 


isodimorphic components associated with special difficulties which are not encountered study systems 
with nonisomorphic components. 


The numerous variants the method study may subdivided into two groups: 
methods lengthy agitation crystals both with the solution various starting ratios 
for the components the solid and liquid phases, and methods crystallization from supersaturated solutions 
under varying conditions performing the crystallization processes. the event the former methods are used, 
equilibrium attained result very slow process Duration the experiments large, 
generally the order several weeks, and ina number cases nevertheless difficult obtain reliable results, 


using methods crystallization from supersaturated solutions cooling hot concentrated solutions 
isothermally evaporating, they try perform the experiment with very small degree separation the sub- 


stance into the solid phase total degree crystallization not greater than about 5%, This causes signifi- 
cant prolongation the experiments. 


using methods crystallization from supersaturated solution, they not always consider the important 
significance the conditions for performing the crystallization process. 


One [17] gave theoretical treatment the problem deviation from equilibrium distribution 
isomorphic components relation the methods and conditions crystallization from supersaturated solutions, 


the basis this study, can shown that small total degree crystallization the substance does not al- 
ways guarantee sufficient approximation the equilibrium state, 


school, studying distribution isomorphic microcomponents during crystallization salts 
from aqueous solutions, developed rapid method for attaining equilibrium between solid and liquid 


method relieving supersaturation isothermally with energetic agitation [7]. Equilibrium usually 
reached this method hours. 


This method for reaching equilibrium was widely used studying systems with macroconcentrations 
both isomorphic components, 


performing the crystallization operation, analyses were made for both isomorphic components the in- 
itial solution, the mother liquors, and the crystals separated from the mother liquors. Solid phase composition was 
calculated using formula derived the basis method residues, 


onents and the mother liquor and are concentrations components and the crystals 


(%. 


The Deg (A, value calculated the formula: 


100 Csa CMA 


Equilibrium the FeSO, system Both isomorphic components form heptahydrated 
salts 20° the monoclinic system. The concentration the crystals and mother liquors was 


determined titrating with potassium permanganate; concentration was determined 
metric titration with potassium ferricyanide. 


onent distribution diagram (Fig. 2). 
(from the solute portion the mother liquor). The (Ez, Co) was 


value was 0,84, 


TABLE 


results 


ment (%) 


Analytical results 


phase 


37.35 
41.85 
68.79 
68.45 
81.32 
100.00 


unity and the distribution curve (Fig. falls almost the diagonal. 


concentration the mother liquor 


20°. 


the pure starting components. 


system 


+ 


Experimental results are given Table the equilibrium composition diagram (Fig. 1), and the comp- 
The system ideal for the entire concentration interval for each component 
The (Co, Fe) 


Distribution coeffic- 


solute 
mother li- 


0.00 
8.86 
8.94 
20.72 
33.33 
32.72 
37.55 
64.92 
64.43 
100.00 


The system may regarded approximately congruent because the value does not deviate much from 
The relationship the 


1.20 
0.84 1.19 
1.23 
1.20 
0.84 1.19 
1.20 
0.84 1.19 
0.84 1.19 


where and are solubilities 


Fig. Distribution curve for components the 


29.77 65.17 25.71 
17.97 8.00 29.47 
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Equilibrium system Both components crystallize 20° heptahydrated salts; 
however, ferrous sulfate forms crystals the monoclinic system while nickel sulfate the system, 
Consequently, both salts are isodimorphic 20°. The concentration was determined the mother 
liquors and crystals titrating with potassium permanganate, The concentration was determined 
gravimetric procedure withdimethylgloxime after first oxidizing Fe** using hydro- 
gen peroxide, 


can seen from Table and from the digram (Fig. 3), two solid solution regions are obtained the 
system one with structure the type and one with monoclinic structure the 
type. Each the stated regions ideal and characterized constant distribution coefficient 
value. For the type solid solution region (the iron salt plays the part impurity), the equili- 
brium distribution coefficient value for Deq (Fe, Ni), was found for the 
type solid solution region (the nickel salt plays the part impurity), Deq (Ni, Fe) was obtained and 


Deviation from ideality either region does not exceed relative. The relationship between concen- 
trations the components saturated solutions inboth regions expressed straight lines (Fig. 3). These two 


lines intetsect invariant point. The equation for the straight line the region existence 
type solid solutions the monoclinic system is: 


where and are concentrations FeSO, and the mother liquors, the FeSO, 
tion saturated ferrous sulfate solution, and the concentration saturated solution metastable 
monoclinic nickel sulfate modification. analogous kind equation was obtained the region existence 
the rhombic system type solid solutions. extrapolating the solubility line for the solid solutions 
until they intersect the coordinate axes, possible obtain approximate solubility values for metastable modi- 
fications both salts, namely sulfate the system and nickel sulfate the monoclinic system. 


Experimental results for the system confirming, for one particular case, the 
applicability the first two previously stated rules for approximately calculating equilibrium distribution co- 
efficient values for isomorphic impurities. was shown earlier, the system could 
sidered approximately congruent 20° with deviation 15% from congruence (the cobalt salt enters the solid 
phase smaller degee). According the the equilibrium distribution coefficient for any isomorphic 
isodimorphic impurity crystallizing ferrous sulfate must amount about 0.85 the equilibrium distribution 
coefficient value for the same impurity 


Fig. Distribution curve for components the 


system 20°, 


previously published paper [16], was found that the Deq value for impurity crystallizing 


cobalt sulfate 20° was equal 0.53. The value for impurity crystallizing ferrous sulfate would 
then determined. according the first rule. 
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No. 


10a 
lta 
12a 
12b 
13a 
l4a 
14b 


TABLE 


Test Analytical results 


Mother 


Starting solution 


20.30 
20.30 
32.89 
32.89 
35.69 
40.49 
40.49 
42.09 
44.40 
44.40 


result studying the system. (Ni, value 0.41 was experimental- 
obtained; this agrees sufficiently satisfactorily with results from calculation the first rule, 


Equilibrium the system 20°. This system was studied Benrath and Neumann [18] 


temperature 35, 40, 45, 60, 75, 80, and their studies, these authors used 
method for attaining equilibrium; this, crystals and solution were stirred for about weeks with periodic crush- 
ing the crystals for renewing their surfaces. The authors only give tables composition for the crystals and 
mother liquors; they not present solid phase compositions, equilibrium composition diagram, component 
distribution diagram. This makes difficult judge the degree reliability the experimental results. 


solid phase compositions from the work Benrath and Neumann the Shreinemaker method 
residues, and determined distribution coefficient values the components individual 


example, give results our calculations the Benrath and Neumann data for temperatures and 


can seen from Table the equilibrium distribution coefficient value for either component, for example 
the magnesium (Mg, Ni) ~varies non-uniform manner from 0.42 This phenomenon observed 
even greater extent 35°, shown Table which the results calculating this temperature are given. 


Thus, despite the long duration the Benrath and Neumann experiments, their results should regarded 
low reliability. investigated this system only the single temperature 20° (the components are isomorphic 


35.92 
31.00 
29.05 
29.05 
16.67 
16.67 
9.18 
9.18 

2.45 


Crystals 


49,28 
52.29 
61.38 


61,43 


75.01 
82.58 
83.44 
89,59 
88.58 
91.05 
91.21 


a 


45.31 
39.49 
36.05 
32.39 
32.62 
18.75 
10.09 
10.02 

4.99 

5.08 

2.75 


FeSO, 


16.75 
16.83 
18.61 
18.20 
21.18 
21.30 
27.70 
27.60 
31,92 
35.04 
36.22 
37.05 


temperature 0°, both salts are isomorphic (heptahydrated rhombic system). 


49.20 
48.10 
46.48 
46.66 
43.82 
43.28 
44.96 
45.24 
42.69 
42.79 
36.40 
36.33 


34.69 
29,72 
30.42 
27.26 
16.31 
9.09 
4.50 
2.46 


0.99 52.54 1.20 1.29 
2.36 91.86 2.34 
- | 
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9.16 53.45 
0.19 58.75 
0.18 61.26 
0.42 66.91 
0.42 66.69 
0.28 81.31 
0.29 80.95 
0.29 89.79 
0.29 89.86 
0.32 94,96 
0.31 94.85 
0.28 97.81 
0.28 

100.00 


TABLE 


solute solid 
portion phase 
mother 

liquor 


32.56 
38.50 
37.43 
43.75 
43.86 
62.79 
62.85 
88.59 
90.68 
93.66 
93.57 

100.00 


Average... 


Average. 


this temperature); one our purposes was investigate 
the possibility obtaining sufficiently reliable results 
using the rapid Khlopin method for attaining equilibrium. 


The mother liquors and crystals were analyzed the 


1362 


total solid phase portion 
‘of mother liq 


0.44 
0.38 
0.38 
0.39 
0.39 
0.40 
0.39 
0.40 
0.41 
0.43 
0.42 
0.42 


Remarks 


Solid solutions with 


Solid solutions with monoclinic 


Fig. Equilibrium the 
system 


following manner. The content was determined electrolyzing nickel from solution containing 


0.17 1.20 0.45 
0.16 2.63 0.48 
0.17 2.32 0.47 
0.16 2.41 4.81 0.49 
5.51 10.49 0.50 
0.27 5.54 10.60 0.49 
0.28 9,75 0.51 
9.80 0.49 
10.12 17.54 0.53 
0.16 10.00 17.68 0.52 
0.26 30.88 0.51 
9.27 18.80 30.84 
0.17 0.45 
(Mg, 
Ni) Ni) 
91.8 89.5 0.76 
94,1 17.6 0.65 
15.4 69.2 0.73 
43.0 28.0 0.83 


TABLE 


portionof Ni) Ni) 


94.1 

94,1 

80.4 

64.0 

55.0 

47.0 
36.2 

Fig. Distribution curve for components 


TABLE 


Test: Analytical results Distribution 
Starting soiution Crystals Mother liguor coefficient 


phase mother 
liquor 
1.20 2.50 
1.21 
2.31 
2.29 
4.62 
4.65 6.34 9.39 
8.60 12.38 
8.68 12.76 17.18 
15.44 24.35 30.31 
15.37 23.81 30.37 
26.27 44.78 51.31 
44.14 51,22 
73.01 78.10 
39.85 73.85 
48.59 90.56 92.21 
48.72 90.62 92.29 
95.35, 96.00 
96.00 


excess ammonia with added ammonium sulfate. Electrolysis was performed voltage and with cur- 
rent strength about Platinum gauze was used for the electrodes. The electrolyte was agitated using 
electromagnetic stirrer. Duration electrolysis arnounted 40-60 minutes. The content was 
determined the solutions after electrolysis precipitating twice with diammonium phosphate with subsequent 
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var 
100 
4b 
10a 
10b 


weighing according the Vasilyey and Sinkovskaya method [19]. 
Experimental results are given Table and Figures and 


The equilibrium distribution coefficient for remained constant level which averaged 
0.65 with changes concentration this component the solute portion the mother liquor from zero about 
10%, 


With further increase concentration. the Deq (Mg. Ni) value smoothly rese 0.81, which 
was held for the concentration interval from Deq (Ni, Mg) value for 
this concentration interval was equal the reciprocal. 1.23], 


Thus, this system has two corresponding concentration 10%of each 
component the solute portion the mother liquor. Deviation from ideality the middle portion the equili- 
brium diagram does not have too abrupt character and causedby differences activity coefficients for both 
components one the phases, both the phases the same time. 


This depends, possibly, the difference the polarization properties and ions connection 
with the structure their external electronic The relation between concentrations both components 
the mother liquors pressed straight lines the equilibrium composition diagram. The results ob- 
tained from studying the system show that the rapid Khlopin method for attaining equilibrium 
which was used was fully reliable. contrasted with the method used Benrath and 


SUMMARY 


Equilibrium distribution isomorphic and isodimorphic components was studied the 
H,O, and systems 20°; widely used (for the first time for study 
systems macroconcentrations isomorphic components) the rapid method for attaining equilibrium developed 
Khlopin's school for microconcentrations one isomorphic component. 


was found that the system 20° was ideal. The (Fe, Co) value was 
1.20; the reciprocal, Deq (Co. Fe) was equal 0.84. 


was found that there were two regions for existence solid solutions different structure the 
system with isodimorphic components; each these regions the system was ideal. The Deg (Ni, 
Fe) value the region existence the monoclinic system sulfate type solid solution (nickel salt 
found equal 0.41; the (Fe, Ni) value for the region existence the rhombic system nickel 
sulfate type solid solution (iron salt ~impurity) was found equal 0.50. 


was found that the system 20° was ideal only limited concentration inter~ 
vals the ends the equilibrium composition diagram, Deviation from ideality the middle portion the 
gram did not have abrupt character. The equilibrium distribution coefficient value for impurity 
nickel sulfate was found 20° 0.65; the equilibrium distribution coefficient for 
impurity crystallizing magnesium sulfate was found 1.23. 
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7 
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: 
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COPPER COMPLEXES WITH DIMETHYLGLYOXIME 


complex compound copper and dimethylglyoxime, well with other dioximes, was first separated 
Chugaev [1] 1905; showed that this compound was analogous nickel some 
its properties and that its composition could expressed the formula where singly 
charged dimethylglyoxime anion, The compound Cu(HDm), was also investigated Peshkova [2]. 


The properties have been only slightly studied although knowledge the properties this 
compound, the first large class internal complex dioximes significance for the 
chemistry complex compounds well for analytical chemistry. 


Study the equilibrium between copper and dimethylglyoxime solution, performed using various 
methods, that the copper-dimethylglyoxime system rather complicated. Several complex compounds which 
differ composition, stability, and optical properties are formed conditions, 


Solubility Cu(HDm), water and the presence common ions, The preparation was 
obtained from copper sulfate and the disodium salt dimethylglyoxime, taken 1:2 For mole 


the copper salt, dissolved 250 water, was added small portions solution disodium dimethylglyoxime 
dimethylglyoxime and 0.4 mole NaOH 200 water). these conditions, i.e., alkaline media, 
crystalline copper dimethylglyoxime does not separate, contrast nickel dimethylglyoxime, the de- 
velops neutralizing the alkali using dilute acid, crystals separate from solution, with 
maximum yield introducing 0.2 g-equivalents acid. 


Analysis the air-dried precipitate was conducted the following The quantity copper was 
ined electrolysis after first decomposing: the organic portion using ammonium persulfate presence sulfuric 
acid, Dimethylglyoxime held the was precipitated excess nickel salt Ni(HDm), 
The precipitate was first washed with buffer solution and then with water, The analytical results 
presented below indicate adequate purity for the preparation: 


Found %Cu 21.58; theoretical 21.54; 78.4; theoretical 78.36. 


its free state, the compound black crystalline substance soluble water, alcohol, acetone, 
and other solvents forming reddish ~brown solutions. was first established its copper content that the water 
solution became saturated after continuous agitation for period hours, After saturation. the liquid was 
separated from the solid phase using pipette with filtering layer. Copper and dimethylglyoxime content the 
water solution were determined methods described above. Solubility found from copper concentration the fil- 


trate corresponded solubility determined from dimethylglyoxime content and was equal mole/ liter 
(at 22°). 


Solubility values presented not agree with literature data. Thus, according data.of Peshkova [2], 
the solubility Cu(HDm), water 20° was 1.12% which corresponds cannot ex- 


Plain the reason for this large discrepancy (almost 6.5 fold) because Peshkova did not report methods for de- 
termining 


According conclusions from the solubility product principle, new chemical compounds not form 
introducing excess copper ions, should anticipate decreased solubility the precipitate, However, the 
experiments, po:tion which are presented Table indicate the complete reverse. Copper sulfate solutions 
with accurately known Concentrations and with not greater than were saturated with copper dimethylglyoxime 
period hours, after which the total amount copper the filtrate was determined. Solubility was calcu- 
lated the difference between total and initial copper concentrations, 


Table 


Cu(HDm), Solubility Copper Sulfate Solutions, 


Initial copper Total 


concentr- salt solubility 
ation (mole/ |concentration (mole/ liter), 
liter), 
5.0 13.5 8.5 
10.0 18.8 8.8 
20.0 30.0 10.0 
62.8 12.8 
100.0 14.0 
200.0 218.0 18.0 


can seen that solubility Cu(HDm), significantly 
increases increasing the concentration introduced 
copper salt. 


One reason for the properties deviating 
from normal reaction the solid phase with copper 
anionsto form ions the type PbI*, HgI*, and 
analogy, may assume that the solubility 
copper salts connected with the reaction: 


The complex cation The assumption 
presented above with regard formation the comp- 
lex cation (with excess copper ion) was checked 
two methods. Preliminary experiments showed that 
the optical density solution was changed 


introducing either excess dimethylglyoxime excess copper ion. This change optical density can 


explained change dissociation the complex presence excess one its reactant components: 


Cu(HDm), Cu** (2) 


According equation (2), introducing excess dimethylglyoxime should have considerably more effect than 


adding excess Cu** Actually, the exact opposite was observed. placed portions saturated 


solution series flasks together with buffer solution mixture sodium acetate and hydrochloric 
acid) after whichi creasing quantities copper sulfate were added one set the flasks, and similarly increas- 
tical density measured with layer thickness 460 wave length (in this spectral region, copper sulfate 
solution absorbs none the light) (Fig. Measurement results are given Fig. Quantity (milliliters) 
0,1 molar dimethylglyoxime solution added (curve copper solution (curve plotted along the abscissas, 


and optical density (D) along the ordinate axis. 


Fig. Change optical density Cu(HDm), solution 
with increasing concentration both ions. 


Fig. Absorption spectra of: (1) 0.0006 molar 
solution, (2) Cu(HDm), solu- 
tion presence mole and (3) 

0.01 CuSO, solution. 
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shown 


: H, 0m 


Fig. Composition density curves for the 
system 4.5, layer thickness 

Wave length (A) (mp): 495: 

533, 574, 


can seen from data Fig. dimethylglyoxime addition has little effect optical density the init- 
ial Cu(HDm), solution; the contrary. addition copper salt increases the light absorption the initial solution 
almost 1.5 fold. Consequently, presence excess copper change dissociation equilibrium 
but rather chemical reaction takes place from new compound (equation 1). 


Formation compiex cation this condition was also confirmed observing motion the colored 
lex during electrolysis. For these experiments, used U-shaped tube with stopcocks. The lower portion the 
tube was filled with copper sulfate solution previously saturated with copper dimethylglyoxime, and copper sul- 
fate solution the same concentration (side liquid) was placed the upper portion. The vessel was connected 
direct current source. one hour period, the colored layer noticeably moved toward the cathode. 


also studied complex-formation reactions between copper and dimethylglyoxime solution methods 
analysis. Optical density was taken system properiy. should, however, noted that using 
methods somewhat difficult the given case because the absorption both 
compounds and the complex formed with excess copper ion are rather close (Fig. 2). 


Both compounds absorb light rather stronly the portion the and the difference 
their optical properties low reliability. the long-vave light Cu(HDm), very small, 
whereas that for the complex formed with excess copper salt significantly greater; consequently, this spectrum 
region, the difference between them should more clearly expressed. However, copper ions show strong light 
absorption long-wave portion the spectrum. 


Measurements optical density were also performed the short-wave and central portions the spectrum. 
Results are given below studying optical properties equimolar mixture [3] copper sulfate and the disodium 
salt dimethylglyoxime solution buffered 4.5 and constant total volume; 0.1 solutions were mixed 
various ratios that the toal concentration components would remain constant. The copper salt 
concentration decreased the following manner: and soon. Dimethylglyoxime con- 
centration increased the same order. Buffer mixture (sodium acetate and hydrochloric acid) was added the 
amount per 100 total volume, after first neutralizing the disodium salt dimethylglyoxime with 
The composition density curves, plotted for comparison several portions the spectrum, have the form. 


constant concentration remained approximately the same limits. Consequently, studying 
the character the equilibrium, was sufficient follow solubility function copper salt concen- 
tration. The system was studied only media having below because formation 


4.5, maximum light absorption was observed 
solutions having components 1:1 ratio for all 
portions the spectrum. less acid solu- 
tions, the maximum shifts solutions with larger dim- 
the maximum observed for mixture with 5:7 
ostion (these data are not presented), and 

with 1:2 ratio (Fig. 7). Thus, formation two 
pounds equilibrium with each other takes place 

the mentioned conditions. The simpler complex group 
forms low concentrations the coordina- 
tion ion (in acid media), With increasing pH, concen- 
tration the free anion from the reagent in- 
creases and the compound, becomes the dom- 
dominant form solution. was shown above, form- 
ation also promoted introducing ex- 
cess 


Determining the dissociation constant 
complex equilibrium with precipitated Ni(HDm 
Solid Ni(HDm), significantly dissoives presence 
the most difficultly soluble precipitates. Equilibrium 
agitation the solution. Preliminary experiments 
also showed that solubility copper salt so- 
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basic salts was possible smaller 


weakly acid media. dissolving may depend one the two reactions: 


connection with the data presented above, however, one should expect that presence excess free cop- 
per ions equilbrium (4) should have the greater significance (compare column Table 2). this case, the 
principle for determining dissociation constants for the complex numerically characterizing the bond 
energy between the central atom and thecoordinating anions, consists experimentally determining 
the equilibrium constant for reaction (4); 


stant for the complex. 
TABLE 
Solubility Precipitated Copper Sulfate Solutions 4.5. 


filtrate equilibrium. 


800 60.7 2.0 
590 22.8 45.6 454.4 2.2 
100 6.0 11,9 88.1 0.4 
4.4 8.9 0.26 0.7 
800 30.3 60.7 1.2 2.0 
500 21.8 43.6 456.4 1.0 2.0 
100 5.4 10.7 89.3 0.3 0.8 
4.3 8.6 71.4 0.2 0.6 
3.3 6.7 43.3 0.8 


working conditions were follows. Crystalline was covered flask with copper sulfate so- 
lution known concentration and with buffer mixture having 4.5. The flask content$ were continually shaken 
until saturation, Liquid was removed from the residue using pipette with filtering layer. Nickel content the 
liquid determined precipitation with excess dimethylglyoxime with subsequent recrystallization. The 
CuHDm* concentration, result reaction, was taken equal double the nickel concentration, based 
equation (4), Equilibrium Cu** ion concentration was found the difference between initia] salt concentration 
and copper present the For approximate calculation equilibrium constants was assumed that 
per sulfate dissociated completely moreover, did not consider the effect buffer mixture anions 
and other factors having second order significance. Data these experiments are presented Table 
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Equilibrium constant values for equation (4), calculated from the principle presented, are given column 
Table equilibrium constants calculated assuming that the reaction follows equation (3) are given column 
comparing the data columns and can seen that changes less than with change 
copper ion This confirms correctness equation selection. Average value for equation (4) 
was equal [4]. Setting these values into equation (5), obtain: 


The order magnitude for the dissociation constant confirmed optical investigation data. 


Dissociation constant for CuHDm* complex from studies optical density solution 
Copper complex formation with dimethylglyoxime. similar other complex compounds metals with weakly acid 
anions, depends strongly acidity the medium. Fig. presented curve for change optical density 
solution containing CuSO, and excess dimethylglyoxime with increasing pH. 


Light absorption sharply increases over 
its from 2.8 4.5 and then reraains constant for 
from 4.5 With further increase, absorption 
again increases. curve this shape character- 
istic stepwise complex formation. The second 
stage limited the region which alkali de- 
composes the complex (discussed detail below). 


Abrupt increase the optical density curve be- 
tween 2.8 4.5 may attributed formation 
either complex: CuHDm* the 
reaction taking place here may expressed 
the scheme 


then, from the equation for equilibrium constant: 


Fig. Change, with pH, CuSO, solution optical 


after taking logarithms and rearranging, obtain the equation: 


(8) 


took large excess dimethylglyoxime series solutions that the value could taken 
The first term the right side the equation then likewise becomes constant (A) and the relation- 
ship between the variables can expressed the linear equatian: 


where the slope(tan equal the quantity coordination ions. Thus, solut- 
ion known. the problem reduces experimentally determining complex concentration. Table 
optical densities are given for solution containing di- 
methylglyoxime various pH. 


0.6 
= 
1371 


TABLE 


Optical Density Molar CuSO, Solution (in Presence 8-fold Excess Dimethylgloxime) Dependent 
pH. Absorption Layer Thickness cm. 


ber 
19.9 0.09 0.6 4.4 0.1347 0.7 
1.6 3.8 0.55 1.2 |36.2 1.5006 
0.6 4,2 0.67 4.1 0:3 
0.06 5.2 0.72 5.0 35.0 


can seen 
from the Table 
and Fig. data 
that copper 
are almost com- 
pletely tied 
the 
complex beginning 
with 4.8. The 
optical density 
such solution was 
equal 0.72, 
sequently, may 
calculate the 

tration other 
from 
their optical den- 
sity. The equili- 


fered Curve solubility 
acetate solution; Curve solu- 


bility borate solution. concentration 


equal the dif- 
ference between 
the initial total 

concentration and the copper tied the complex. was plotted based the data Table and re- 

flects equation (9), the log 
ables are plotted the same scale here: The straight lines show relationships calc ulated assuming that 


Fig. 5.Change log 
dependent pH. 


(ordinate axis) (abscissas axis); both vari- 


Over limits from 2.6 3.6, experimental data are close the line with follows from this that 
the number coordinating ions likewise equal unity, i.e., acid media the complex 
forms the largest extent, according the equation: 


1372 


0.8 
0 


With further increase the slope increases, evidently consequence forming significant quantities the 
complex 


Data Table were also used for calculating dissociation constants for the complex relation- 
ship derived from equation (10): 


from which: 
(12) 


where the first dissociation constant for dimethylglyoxime, numerically equal 

The equilibrium constant, based large number experiments, only portion which are presented 
numerical value for the constant found entirely different procedures, namely equilibrium with precipi- 
tated (see above). 


with dimethyiglyoxime alkaline media, 
The Cu(Hdm), complex soluble alkalies and 


with formation greenish-brown solutions. neutralizing the 
alkaline solutions, again crystallizes. Increase 
solubility with increasing solution shown Fig. 


The solubility changes slightly over rather wide limits 
characteristic that the solubility curve increase located the 
very same limits which optical density increases (Fig. 4). 


was observed similar the dioximes 
and both which likewise are readily 
soluble alkalies. L.A. Chugaev, [1] claimed that reaction 
with alkalies indicated acid properties the dioximes, imply- 

atoms remaining the oxime groups. the present time, 
products formed alkali and explain the reaction chemistry. 
connection with this, was interest study detail the 
Fig. Optical properties equimolar ratio Cu(HDm), alkali. The optical method was taken 
tures CuSO, and neutral and alka- the basis study. 


studying copper compound compositions alkaline media, 
prepared series equimolar solutions which copper 

concentration varied from zero and dimethylglyoxime concentration from zeroto moles/ 
addition, hold solution copper hydroxide which does not react with dimethylgloxime, added 
third component: 0.1 sodium pyrophosphate solution mixed with hydrochloric acid,to the weakly alkaline solu- 
tions. and 0.5 sodium tartrate the alkaline ones. was obtained adding buffer 
(phosphate quantity equal half total volume. Opticai density was measured with 
layer thickness and with 495 wave length (Fig. 7). 

composition; this acidity the stable compound transition more alkaline solutions, 
the height the maximum increases and also changes its with regard pH; this indicates formation 
new strongly colored compounds. Thus, about 10, maximum light absorption shifts the direction 
solution with ratio, and then equal approximately 12, again returns solutions with larger 
dimethylglyoxime contents. 


According data from composition studies, the alkaline medium may described the 
following manner. Replacement the second hydrogen ion dimethylglyoxime copper ions facilitated 


TABLE 


Optical Density Mixtures CuSO, Solutions with Dimethylglyoxime Alkaline Media Varying pH. 


Absorption layer thickness cm, 
Concentration (moles /liter) 


alkaline media. result this, compounds the disubstituted salt type are formed: CuDm 


Formation complex anions alkaline media confirmed, particularly, observing solution behavior 
electrolysis. 


Further, present results studying portions the optical density curves (Fig. 4). Under 
these conditions. the following equilibria are possible, shifting ane the other side depending the 
medium: 


the event with 1:1 ratio; are formed [equations (13) (15) the latter [equation 
(15) the more probable}, because according the first acid dissociation constant for dimethylglyoxime (see 
equilibrium with significant constant excess necessary determine the relationship: 


Evidently, the event reaction equations (14), the ratio, 
square hydrogen ion concentration 2), and event reaction equation (15) this ratio will depend 
hydrogen ion concentration the first degree 1). 


will vary with the 


For finding concentration Cu(HDm), compounds corresponding disubstituted salt formulas, namely 
CuDm may use system equations for mixtures two colored components, 


and are molar extinction coefficients for one compound; and analogous values for the 


compound; and are component concentrations; and dis layer 
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ne, 
ment 
number 
10.5 0.41 0.35 23.6 0.7732 
0.48 0.86 23.0 2.0 0.9393 
0.59 15.8 9.2 1.7651 
12.00 0.75 8.5 16.5 2.2881 
12.5 0.90 5.0 20.0 2.6021 


series solutions was prepared containing 2.5-10 /liter CuSO, and moles/liter dimethyl- 
glyoxime with varying pH. buffer used mixture borax and caustic the extent per 100 
total Optical density was measured with layer thickness two portions the spectrum 436 
Cu(HDm), the optical density solutions which did not change over the limits from 9.5, and for the 
assumed compounds CuDm the maximum optical density alkaline media corresponding solu- 
tion (Table 4). for Cu(HDm), were equal respectively, 290 and 260: analogous values for 
were equal 800 and 460. Table optical densities are given for the solutions and calculations 
made based this residual value. 


Fig. was based data Table from can see that the experimental points are close the line 


Thus, accordance with the previously presented discussion, and reaction 10-12 goes equation 
(15). These results are agreement with earlier data composition methods physico-chemical analysis. 


Complexes the disubstituted salt type, CuDm should more stable compared with com- 
plexes the acid salt type, This should expected based comparing structural 


and 


(it is, moreover, possible canpounds the acid salt type 

have coordination bonds between copper and the second 

oxime group). Greater stability should expected for the. 

type compounds analogy with similar phenom- 

ena the case certain complex compounds metals with 

hydroxy acids, diphenylthiocarbazone, and others. Fig. Optical density 
glyoxime solution varying alkaline 


confirm the conclusions presented above and also 
medium. 


characterize the compounds formed given system 
alkaline media, was interest compare the stability 
the named compound groups. Determining numerical values for the constant extremely 
Cult because there are standards characteristic other copper complexes stable alkaline media. However, 
number qualitative observations confirm the significant difference stability copper dioxime complexes 
formed weakly acid and alkaline This clearly shown the behavior with cer- 
tain reagents various media. Particularly, the characteristic behavior with hydroxyacid anions 
taric and citric ~with which copper complex compounds stable over the same limits the copper dioximes. 
Experiments were set the following 0.1 CuSO, solution was placed flask, four- 
fold excess dimethylglyoxime added well the same quantity tartaric acid salt. The contents the 
flask were diluted buffer solution with known pH. Along with this, for comparison the color, 

prepared buffer solutions containing only the copper salt and dimethylglyoxime, well solutions containing 
only the copper salt and tartaric acid. was found that weakly acid solutions containing copper, 
ime, and tartaric acid turned green color which was characteristic tartaric acid copper complex the more 
stable copper tartrate complex. And, the contrary, alkaline solutions developed reddish-brown color, 
teristic copper dioximes. The reddish-brown color did not change with high values even presence 50- 
fold excess tartrate the copper dioxime the more stable. The same thing was introducing 
citrates; however, significantly less the latter required for decomposing copper dioxime.. another example 
confirm increased bond stability copper dioximes formed alkaline media, note the behavior 
and ammonia. alone does not decompose copper dioxime completely (alkaline medium). 

If, however, solution decreased addition ammonium chloride, then complete decomposition the 
copper dioxime takes place immediatelv, 
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SUMMARY 


The reaction complex formation between copper and dimethylglyoxime was studied 
tion 


was shown that weakly acid media and also presence excess ions, compound having 
the composition formed addition the known compound This follows from the 
creased solubility presence copper salts, physico-chemical investigation the compound com- 
position solution, and also observing the motion the colored solution layer during electrolysis; 


The dissociation constant for the complex was determined two methods: 


via solubility copper salts and via optical method 


was shown that the solubility Cu(HDm), alkalies connected with formation new intensively 
colored compounds, probably having the compositions: CuDm and 


The behavior with ammonia, tartrates, and citrates was studied, and was shown that the 
change composition media accompanied increase stability the copper dioxime 
plexes, 
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SOLUBILITY AND ADSORPTION AROMATIC ACIDS DEPENDENT 


NATURE AND POSITION SUBSTITUTENT GROUPS 


Establishment relation between adsorption organic acids and polarity mixed media has been the 
subject large number papers However, there are only few studies which the effect structural 
characteristics the organic acids their solubility and adsorption was considered, [2]. 


Since was shown that not only the polarity the medium, but also the constitutional characteristics 
the adsorbed molecules had effect the solubility and adsorption organic acids, the problem was set 
the present study investigate the effect nature and position substituents organic acids with regard 
their adsorption charcoal from solution mixed organic media. 


was important, the one hand, establish the relationship between adsorption and solubility for 
these acids dependent constitutional the other hand, was necessary explore 
the relationship between behavior these acids solution and the mixed polarity, particularly its 
dielectric polarization, 


should not expected that differences location the same substitutent group the molecules 
organic acids will affect solubility and adsorption the acids the same degree differences substituent 
group the same location; both factors affect the polarity the molecule whole; Different substituent 
groups, although they may occupy the same location the molecule, can affect organic acid solubility and ad- 
sorption values significant degree virtue both differences the moments these groups well 
differences their tendency form hydrogen bonds, 


the present study took the adsorbed organic acids: o-, and and p-chloro- 
benzoic, and acids, All the acids were first carefully purified. 


The solvents were likewise carefully purified; purity was checked their constants, Ash-free activated 
wood charcoal was used adsorbent. 


Among the constitutional characteristics studied were the effect the nature the substitutent and its 
location the and benzoic acid molecules with regard solubility and adsorption, 


Moreover, studied the effect substituent location nitrobenzoic adsorption and 
all cases mixed media were used, 


DISCUSSION RESULTS 


Behavior o-substituted benzoic acid mixed media. Figures 1-6 present data adsorption and solu- 
bility o-chlorobenzoic and o-nitrobenzoic acids when using number mixed media, 


and o-chlorobenzoic acids appear significantly similar their behavior the 
and media. all cases observed complete correspondence between solubility and 
adsorption (Figs. 1-3). The similar relationship connected with solvation the acid molecules the mixed 
media, 


With higher solubility o-chlorobenzoic acid, which connected with greater solvation molecules 
the medium, observed smaller adsorption charcoal. acid, with less polar functional 
group compared with acid, which has the more polar nitro group 
solubility greater than that the second, while their adsorbabilities are the reverse ratio. 


transition media with more polar components the mixture, the solubility o-chlorobenzoic 
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18% 


1-6, (L) (dashed line) and adsorption (A) (solid line) for substituted benzoic 
acids mixed media. o-Nitrobenzoic acid; acid. 


acid increases more sharply than that o-nitrobenzoic acid, view the fact that the first solvated better 
chloroform than the second (Figs. and 


mixed media which one component strongly polar the more polar o-nitrobenzoic acid 
solvated better and therefore more soluble than the o-chlorobenzoic acid. 


This difference exists more clearly the tion curves approach the polar component and 


pure benzene (Fig. the less polar o-chlorobenzoic acid has greater solubility than the more polar 
nitrobenzoic acid 1.24 g/100 ml, and its adsorption less 20.36% Ontransition alcohol the relation 
changed view better solvation the more polar o-nitrobenzoic acid the polar component the medium. 


view the same structure and similar composition for the two o-substituted benzoic acids, the shapes 
the solubility and adsorption curves for both acids are very similar one another the same mixed 
mixture two polar solvents (Fig. the mentioned acids behave similarly solubility and adsorption. 
They differ only quantitative manner: the solubility the more polar 
mixture greater than that the less polar o-chlorobenzoic acid 5.7 g/100 pure 
alcohol, 3.6 g/100 pure acetone, and 1:1 mixture these materials. 


For acids which contain nitro other group which can form hydrogen bonds the the carb- 
group, possible form the internal complex nonpolar 
This phenomenon known the 


The significant increase solubility o-nitrobenzoic acid 
mixture two polar components, with 1:1 
the latter, indicates possible formation more complicated 
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Maximum solvation (or solubility) o-nitrobanz- 


medium, naturally corresponds minimum adsorption; 
therefore, adsorption the acids from mixed solvents 
passes through minimum from pure acetone pure 


hol, and the solubility through maximum, 


The differences observed absolute solubility and adsorption values the mentioned acids the same 
media are caused differences absolute values for substitutent group polarities, 


p-substituted benzoic acid mixed media, p-Substituted benzoic acid very weakly 


solvated nonpolar media compared benzoic acid. Consequently, poorly soluble 
these media: solubility p-nitrobenzoic acid amounts 0.084 g/100 and g/100 


Figs. 7-11. Solubility (L) (dashed line) and adsorption (A) (solid line) for p-substituted benzoic 
acids mixed media. Solubility data for o-hydroxybenzoic acid are given for comparison 
(Fig. 8). p-Nitrobenzoic acid; p-chlorobenzoic acid; acid; 
acid, 


However, although the solubility p-chlorobenzoic and p-nitrobenzoic acids does not increase signifi- 
with increase the polar component mixed CgHg and media, the solubility 
p-hydroxybenzoic acid sharply increases with increase polar component concentration the medium. 


This may connected with the better conditions for forming hydrogen bonds between the medium's 
polar component and the COOH and groups the hydroxybenzoic acid, (Figs. 9). 


salicylic acid less soluble the corresponding mixed medium 
than p-hydroxybenzoic acid (Fig. 8); this may related the appearance salicylic acid cyclization 
the o-effect [3]. 


190% 100% 


weakly polar component with one (Figs 7-9), the solubility the 
benzoic acid derivative taken increased with increase polar component 
content the mixed medium with increase jts dielectric polarization 


and p-chlorobenzoic acids, the substituent functional group does 
not contain hydrogen able form consequently, the 
component the mixed medium likewise does not contain such hydragen then solvation such 
groups will minimum; this will result low solubility these acids the stated media. 


However, for acid the system, formation bonds between 


the molecule and the group (or its hinders dimerization the alcohol; 


known, the bond energy for alcohol dimer formation 6.2 kcal/mole, whereas that for 4.5 


This naturally does not exclude the possibility [4] dimezizing the alcohol molecules and other dipolar mole- 
cules simple interaction the dipoles. 


Adsorption p-substituted benzoic acids goes through minimum with change the ratio the polar 
weakly polar the nonpolar component the mixed medium (Figs. all cases, adsorption these 


acids fell sharply transition from nonpolar polar solvent, Location the minimum varies somewhat 
with the nature the substituent group. 


The location the minimum for adsorption acid, which was more soluble mixed 
medium with predominately polar component, corresponded the polar component the 


mixture; the adsorption minimum for and p-chlorobenzoic acids corresponded the 


polar component the mixture. 


mental factor taken solvation, then one must assume this case either the action double solvation 


(polar and nonpolar portions the molecule components the medium) association 
the molecules the polar component which increases its moment. 


The location the adsorption the maximum the curves for change 


tric polarization the component the mixture determined large degree the degree 
solvation the molecules being adsorbed. 


Behavior p-substituted benzoic acids mixed medium two polar components 
differs from its behavior the systems (Fig. 


Here the acid more soluble than the other two acids; its excess solubility 


The solubility acid mixed medium two components passes through 
imum; the adsorption passes through minimum; this likewise associated with solvation the acid 
molecules molar ratio rather close 1:1 for the two polar components the mixed 


the behavior and acids, the factor low total polarity the acid molecule 
(in the sense electrostatic reaction the dipoles and the small possibility forming hydrogen bonds with 
the molecules the medium) leads the that the solubility and the both change slightly 
with change the polar component the 


substitutent position benzoic acid its solubility and The position the same 


The dielectric polarization value for mixed medium obtained, know, starting from the 
equation: 


where the dielectric polarization the mixture, the constant the mixture, and 
are the molecular weights the components the mixed medium, and are the mole fractions the 
ponents, the density the medium, and are the dielectric polarizations for the components. 

The value the dielectric polarization polar component with component, 


P; or 9 
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Passage adsorption through minimum for mixed media may explained several factors. the funda- 


substituent benzoic acid derivative 
changes the molecule polarity and 
quently should affect its solubility and be- 
havior solution. 


this case studied solubility and ad- 
sorption o-, and p-nitrobenzoic acid 
the mixed media: 
and 


view the vanishingly small solu- 
bility p-nitrobenzoic acid was 
only possible study its behavior mixtures 
two polar one polar and nonpolar com- 
ponent, (Figs. 12-15). 


acid its lower solubility both nonpolar and 
polar media, Consequently, the solubility 
acid changes only slightly, passing 
through small maximum traversing certain 
Solubilities and m-nitrobenzoic acids 
sharply increase with transition through mixed 
media Figs. 

and 13) from the nonpolar component the 
polar one; this indicates increased solvation 
the acid the more polar medium. 
direction the more polar component, dielec- 
tric polarization the mixture also in- 
creases. 


Figs. 12-15. Effect nitro-group position 
benzoic acids solubility (L) (dashed line) and ad- 
sorption (A) (solid line) mixed media. 

o-Nitrobenzoic acid; m-nitrobenzoic acid; 

p-nitrobenzoic acid. 


the mixed medium ad- 
sorption o-, and acids 
passes through minimum lying region 
corresponding 1:1 component ratio the 
medium, and corresponding the highest con- 
ditions acid solvation, because the ethyl 
alcohol dipole dimerization evidently becomes stronger [5] (Fig. 12). 


the system, the change adsorption inverse the change solubility, i.e., the mare 
the solubility nitrobenzoic acid falls, the more its adsorption increases (Fig. 13). Similar changes solubil- 
ity and adsorption o-, m-, and p-nitrobenzoic acids were observed also with change component ratio mix- 
tures the system (Fig. 14). 


mixed media two polar components (Fig. 15), the solubility three nitrobenzoic acids passes 
sharp solubility maximum shown the more soluble, and consequently more solvated, and acids. 
Evidently, for them more characteristic form hydrogen bonds both with alcohol molecules and with 
one, was shown above. 


Adsorption all three nitrobenzoic acids passes through minimum, lying the same component ratio in. 


the medium; this confirms our suppositions with regard the role solvation the processes solution and 
sarption acids. 


SUMMARY 


The relationship solubility and adsorption was studied for benzoic acid derivatives dependent the 
nature and location the substituent, well the polarity the mixed media. 


was shown that relationship exists between adsorption o-, m-, and p-substituted benzoic 
acids charcoal from solutions mixed organic media and their solubility. the curve passes 
through maximum, the solubility curve passes through minimum. 
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The character the substituent group benzoic acid derivatives has larger effect solubility and 
adsorption than does the position one and the same substituent the acid. 


The functional group polarity and its possibility forming hydrogen bonds has large effect the 
adsorption and solubility benzoic acid derivatives. 
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SYNTHESIS AND TRANSFORMATION a-METHYLVINYL BUTYL ETHER. 


Among various unsaturated compounds having reactive properties, compounds whose structures contain one 
two substituents vinyl group carbon are great interest. 


The simplest procedure for obtaining these compounds (I, II) reacting acetylene and monosubstituted 
acetylenic hydrocarbons with alcohols, acids, amines, and other compounds containing labile hydro- 
gen 


all these cases, reaction takes place according the scheme: 


where alkyl aryl group, hetero other atom, and the radical from.the acid, alcohol, 
mercaptan, etc. 


The goal the present study further development the A.E.Favorsky and M.F.Shostakovsky vinyl- 
ation reaction and extension the synthesis vinyl ethers, particularly the synthesis a-methyl 
vinyl butyl ether (III) and its derivative dimethyldibutoxyketal (IV). 
(IV) 


Compound (III), like other representatives this homologous series [5] interest for studying reactivity 
with regard addition and hydrolysis reactions. 


Preparation vinyl compounds indicates that existence reaction between methylacetylene 
and alcohol requires more severe conditions than were established Favorsky and Shostakovsky for 
the corresponding reaction with acetylene. 


This observation complete agreement with the proposal Shostakovsky with regard reactivity 
chemical depends the number reactive centers the molecule (the number func- 
tional groups with labile hydrogen). 


Based reaction adding butyl alcohol butyl ether under the influence mineral acid 
was established that this reaction exothermal and leads forming dimethyldibutoxyketal (IV) good 
yield. regards procedures for obtaining this ketal, some data can found the literature this question. 


Claisen described general method for preparing acetals aldehydes and ketones based reacting 
the latter with orthoformic esters ether solution. 


Arbuzov [7], working obtaining the ketal acetone (according the Claisen procedure), improved 
the cited synthesis showing that this reaction was catalytic and broughtthe addition mineral acid 
its necessary Catalytic minimum. 


Nieuwland and coworkers [8] describe number papers the preparation ketals based alkylacetyl- 


and alcohols presence mercury oxide and 


The authors the present paper made the observation that the a-methylvinyl butyl ether prepared 
and its derivative dimethyldibutoxyketal readily hydrolyze presence water dilute acids: 


previously reported the literature. 1383 


leroy [9], Eltekov [10], and Favorsky [11]. [7] studied detail the dissociation 
ketals under action dilute sulfuric acids. Claisen [6] noted the ease hydrolyzing the ketals prepared. 


EXPERIMENTAL 


Initial substances and method Synthesis 


2 


Butyl alcohol (b.p. 117°, 0.830, 1.3988) and methylacetylene (b.p. were used raw materials 


for synthesis butyl ether and its ketal. 


Methylacetylene was prepared the method Hurd and Spence [12], brominating propylene: and sub= 


sequently splitting out two molecules hydrogen bromide. The methylacetylene obtained this manner was 
dried passage through column filled with calcium chloride and condensed receiver cooled with dry ice 


which was introduced into the autoclave containing alcohol and 10% powdezed potassium hydroxide. 


alcohol (with catalyst), was cooled freezing mixture (ice, salt} 


Dewar flask. 


butyl ether was synthesized autoclave. Before charging with the corresponding quantity 


Working with methylacetylene was performed cooling with dry ice ampoule, previously weighed, 


Into rotating Bergius-type autoclave, having 2.5 liter volume and fitted with electrical heating, 


couples, and acetylene pressure gauge, charged 111 (1.5 mole) butyl alcohol, (1.2 mole) methyl- 
acetylene, and powdered potassium hydroxide. The autoclave was heated for hour period temperature 


Autoclave 


Autoclave The dependence pressure temperature given 
temperature, (°C) 


(atm) the table. 


can seen from the table that with increase 

min 100 10.6 temperature significant increase autoclave pressure 

248 50.5 methylacetylene collected trap placed Dewar 

43.0 flask containing dry ice. 5.4 methylacetylene was collected. 
The remaining reaction mass was transferred from the auto- 
Clave into flask which was set freezing mixture (snow 
salt). 


27.4 tarry residue, 11.8 


Distillation the reaction mass was performed flask, with herringbone dephlegmator, 


metal. bath. 


The following fractinns were collected: b.p. 105-107° (745.5 mm), 121.2 b.p. 117-118° (745.5 mm), 


Investigation fractions. The first fraction with b.p. mm) was washed times with 


water, dried with potash, and distilled column with effeciency theoretical plates. all, 90.7¢ 
the substance distilled (751 mm). 


into 
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temperature, i.e., for the time necessary for the ether layer disappear, after which the acid was neutralized 


Calculated: MRp 36.05; 73.70; 12.40. 


conical flask fitted with ground stopper. The reaction mass was shaken for period hour room 


7 


with calcined potash. The reaction product was salted out, extracted with ether, dried, and distilled flask 
with herringbone dephlegmator water bath. 


After distilling the solvent, fraction was collected with b.p. 50-70°; this was dried over calcined pot- 
ash and redistilled. After treating the separated substance with 2,4-dinitrophenylhydrazine, yellow-orange crys- 
tals precipitated; after three recrystallizations from alcohol, these had 127.7° m.p., which corresponds the 
2,4-dinitrophenylhydrazone acetone. Mixture tests gave depression. The literature value for the m.p. 
128°. 

Thus, investigating the fraction having 111-112° b.p. (751 mm) indicated that result reacting 
with butyl alcohol presence KOH, synthesis a-methylvinyl ether occurs with 
yield 75.8 the theoretical. 


Synthesis Dimethyldibutoxyketal (IV). 


Into three-necked flask, fitted with mercury seal, reflux condenser, thermometer, and mechanical stirrer, 
placed equimolecular quantities butyl ether (11.4 mole) and butyl alcohol (7.4 
0.i mole). The mixture was thoroughly agitated for minute period and then catalyst (concentrated HCl) 
was added the extent two drops (0.04 room temperature. After catalyst was added, the reaction mass 
temperature began rise rapidly 45-47° and then slowly fell the initial room temperature. 


all, distillation separated 14.4 substance having (24 tarry residue was 2.7 


Investigation the substance with (24 mm). The product obtained was dried over calcined 


potash and distilled second time mm). 


1.4150; 8363. Found 185.6 56.21. 70.12, 70.02; 12.83, 13.05. 
Calculated: 188; MRp 56.6; 70.2; 12.8. 


were charged into Erlenmeyer flask. The reaction mixture was shaken for period hour, after which the 
acid was neutralized with small amount calcined potash, and the hydrolysis products distilled 


broad fraction with 50-73° b.p. was collected the amount 2.77 this was dried with potash and 
treated with 2,4-dinitrophenylhydrazine; yellowish-red crystals precipitated, which after recrystallization from 
alcohol had m.p. 126.9°, which corresponds the acetone. 


Characteristics the fraction mm) indicate that result the interchange reaction 
between methylvinyl butyl ether and butyl alcohol the presence traces synthesis dimethyldibutoxy- 
ketal takes place with 


SUMMARY 


Conditions were found for synthesis ether with yield the theoretical. 


Conditions were found for synthesis dimethyldibutoxyketal with yield the theoretical. 


Hydrolysis a-methylvinyl butyl ether dimethyldibutoxyketal leads formation the ketone 
and alcohol. 
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ETHYLENEGLYCOLARSENOUS ACID ESTERS 


Gilm Kamai and Khisamova 


Detailed investigation cyclic derivatives arsenous acid was started our laboratory 1950 [1-2]. 
Cyclic esters ethyleneglycolarsenous acid have not been studied anyone. the present paper, present 
data obtained studying acyl chlorides and mixed esters ethyleneglycolarsenous acid, containing 
membered rings. 


action equimolar quantity arsenic trichloride ethylene glycol absolute ether medium 
the presence anhydrous pyridine, synthesized the cyclic acid chloride ethyleneglycolarsenous acid 
the main reaction product according the equation: 


was also found that this reaction, addition the acid the complete ethylene glycol ester 
arsenous acid was formed 


Experiments performed reacting the acid chloride ethyleneglycolarsenous acid with ethylene 
glycol presence pyridine absolute ether medium led the same final result. Thus, was shown 
that ester forms result secondary reaction. 


The complete ethylene glycol ester arsenous acid (II) also obtained very satisfactory yield 
about 89-92% direct reaction arsenous anhydride ethylene glycol temperature This 
reaction reversible; with excess water the ester completely hydrolyzes, forming arsenous anhydride. 


Under the action equimolar quantities arsenic trichloride the acid chloride 
acid forms almost quantitatively according the equation: 
(I) 


The ethylene glycol ester arsenous acid (II) does not react heating with methyl iodide and does not 
add sulfur cuprous bromide. Its bromination reaction proceeds very unusually. Instead the expected addition 
two bromine molecules, exactly only half the calculated quantity, i.e., one bromine molecule, adds the 
given reaction. reaction, very interesting transformation with complex radical rearrangement takes 
previously [1] gave the following scheme for the course reaction. 
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Formation the acid bromide (III) under conditions the experiment was actually shown. The acid bromide 
was liquid with mustard odor and b.p. 86° mm. 


The second compound containing pentavalent arsenic separated formed glistening crystals with 127° 
m.p. readily soluble many organic solvents and water; did not hydrolyze the cold. Its aqueous solu- 
tion had acid reaction and could titrated 0.1 NaOH solution. Doubts arose concerning the hypothetical 
structure previously given [1] for substance (IV). Further study showed that this compound was diethylenegly- 
colarsenous acid (V), described Englund [3]. However, contrast preparation, our sample melted 


127°, and not 120°; its molecular weight, determined the Rast method, was not double, but actually was 
close the double value bromoform solution. 


Formation diethyleneglycolarsenous acid probably via hydrolysis the above-mentioned hypothetical 
compound (IV): 


(IV) 


reacting the acid chloride ethyleneglycolarsenous acid with the corresponding absolute alcohol 


presence pyridine ethyl ether medium, synthesized various mixed esters ethyleneglycolarsenous 
acid according the following scheme: 


this manner separated methyl, ethyl, n-propyl, n-butyl, n-hexyl, n-heptyl, n-octyl, nonyl, phenyl, and 
esters ethyleneglycolarsenous acid. 


Under action water, the above-cited esters decompose relatively readily, evolving heat and forming the 
corresponding alcohol, ethylene glycol, and arsenous anhydride: 


made attempts perform reactions (1) and (2) for the purpose preparing derivative the hypothet- 
ical imaginary acid: 


but they remained unsuccessful. 


EXPERIMENTAL 


Preparation the acid chloride ethyleneglycolarsenous acid 


Into round-bottom flask fitted with reflux condenser, mechanical stirrer, and dropping funnel, 
duced 37.5 ethylene glycol, 87.2 anhydrous pyridine, and 400 dry ether. 100 arsenic trichloride 
was added dropwise with agitation and external cooling the flask with ice and water. Cooling was discontinued 
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(V) 


after the arsenic chloride was all introduced and the reaction mixture was heated water bath for period 
one hour and allowed stand overnight. the next day the ethereal solution was separated from the pre- 
cipitate decantation and the residue times with absolute ether. filtrate, after distilling the 
solvent, was subjected vacuum distillation. result distillation mm, the following fractions were 
separated: with b.p. 70-76°; 6.5 with b.p. 76-160°; and 10.3 with b.p. 


doubly distilling the first fraction, separated substance with b.p. 71-72° mm, melting point 


The separated cyclic acid chloride ethyleneglycolarsenous acid white, glistening, needle- 
shaped crystals readily soluble ether, benzene, toluene, dichloroethane, and dioxane. The acid chloride 
immediately hydrolyzes water, evolving heat and forming (found 75.21; calculated 75.73). 


less, viscous liquid: 


1.8951; 1.5433; MRp 56.18; calculated 56.61. Found 45.28. Calculated 
45.40, 


Preparation the complete ethylene arsenous acid 
From the acid chloride acid and ethylene glycol. The acid chloride ethyl- 


eneglycolarsenous acid was added solution 4.2 ethylene glycol and 10:4 pyridine 200 dry 
ether with mechanical agitation and cooling. After removing pyridine salts the filtrate was subjected distilla- 
tion. The main fraction had b.p. 166-167° 


From arsenous anhydride and ethylene glycol. 60g arsenous anhydride and 86.4 ethylene glycol were 


taken Arbuzov flask. The flask was heated oil bath 140-150° for minute period. 
water aspirator was then connected for removing water formed this reaction. After removing the water under 
vacuum and double distillation, obtained 80.2 iraction with b.p. 160-161° (92.4%). 


Action arsenic trichloride the complete ethylene glycol ester complete ethyl- 


ene glycol ester arsenous acid was placed round-bottom flask having reflux condenser and dropping fun- 
nel. arsenic trichloride was added dropwise. the end the contents the flask were heated water 
bath for minute period. After cooling, the reaction mixture was vacuum distilled. The main fraction had 
b.p. 66-67° and m.p. 


Saponification ester (II). arsenous acid ethylene glycol ester was boiled with water for period 
hour round-bottom flask with reflux condenser. The white precipitate separated was arsenous anhydride. 


Action bromine ester (II). bromine was added through dropping funnel ester dissolved 
carbon tetrachloride. The reaction flask was cooled externally snow. adding each drop bromine, 
energetic reaction took place, with evolution heat. Bromination was continued until appearance light 
yellow color. Needle-shaped crystals separated from the solution standing. the second day the crystals were 
filtered, pressed, and washed with carbon tetrachloride. The filtrate was subjected vacuum distillation. 32.2 
was obtained the main fraction having b.p. 86° mm. The substance separated was slightly green- 
ish colored liquid with mustard odor, having lachrymatory properties. 


2.6079; 2.5668; 1.6568. 


The needle-shaped crystals (V) obtained were then repeatedly recrystallized from hot toluene. Gleam- 
ing, white needles, with m.p. 127°, soluble toluene, benzene; dioxane, acetone, ethyl alcohol, and 
water, poorly soluble ether. The water solution had acid reaction (Congo red turns intense blue). 


Found 35.62, 35.63. Calculated 35.42. 


0.2255 substance: 10.75 0.1 NaOH. Found: equimolecular weight 210.82. Found 210.41, 
211.25 (Rast); 378.4, 375.6 (cryoscopically bromoform). Calculated: 


reacting 1.5 brucine alcohol solution with 0.807 acid 
obtained salt with m.p. about 204°, which the data Englund [3]. 


Preparation ethyleneglycolarsenous acid ester 


the acid chloride ethyleneglycolarsenous acid dissoived ethyl ether was added through 
dropping funnel 3.8 methyl alcohol, 9.2 anhydrous and 250 absolute ethyl ether cooled 
After adding the entire quantity acid chloride, the reaction was heated bath for period 
one hour. the next day the pyridine hydrochloride was filtered off and washed times dry 
distilling the solvent, the remaining liquid was vacuum distilled. 8.6 fraction was obtained with b.p. 
51° mm. Ethyleneglycolarsenous acid methyl ester was mobile liquid. was readily hydrolyzed 
forming arsenous anhydride. 


Preparation other ethyleneglycolarsenous acid was conducted the method described, starting 
with the corresponding alcohol, 9.2-9.3 dry pyridine, and the acid chloride ethylenegiycolarsenous 
acid (I) 200-300 ethyl ether. 


The esters obtained were colorless liquids (beginning with the ester they had thick consistency), and 
odorless (except for the nonyl ester, which had pleasant odor). 


Data for the esters prepared are given the table. 


Esters Ethyleneglycolarsenous Acid 


content 


Alcohol Ester 
taken yield 
action 


(g) 


41.71 
Cyclo- 


16.4 pyridine and acid were taken for the reaction. 


6.7 pyridine taken for reaction. 
pyridine and acid chloride were taken for reaction. 


Experiment reacting ethyleneglycolarsenous acid methyl with methyl iodide 


ethyleneglycolarsenous acid methyl ester and iodide were heated flask with reflux conden- 
ser water bath for period hours. distillation, according data boiling points and refractive in- 
dices, the initial substances were recovered. was not possible separate any other individual substance. 


Action bromine ethyleneglycolarsenous acid ethyl ester 


flask capacity. bromine was added through dropping funnel. Vigorous heating was The 
carbon tetrachloride was distilled normal pressure. The remaining liquid was distilled urder vacuum. The 
main fraction boiled 72-73° mm. 


The addition product was heavy, colored liquid. 
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Found 
(mm) lated |Found 
ated 


2.2152; 2.1767; 1.5880. 


action the acid chloride ethyleneglycolarsenous acid 
butyl ester phosphorous acid 


tributylphosphite 200 ethyl ether was taken round-bottom flask fitted with reflux 
condenser and dropping funnel. After cooling ~13° (ice 10.3 acid chloride 
acid was then added, half diluted with ether. The exchange reaction takes place very vigorously. The reaction 
mass first noticeably yellow, and then becomes brown. precipitate red phosphorus separated stand- 
ing. The precipitate was filtered. The filtrate was subjected distillation. After removing the ether normal 
pressure, fraction boiling 117-121° 0.8099, 1.4015), which corresponded butyl al- 
cohol. Subsequently, the following fraction was separated vacuum distillation: b.p. 140° 5mm; 
The substance contains arsenic and phosphorus, but readily decomposes forming black residue. 


Reacting the acid chloride ethyleneglycolarsenous acid 
with the acid 


200 dry ethyl ether and 4.1 metallic sodium were placed reaction flask. 24.5 diethylphosphorous 
acid was then added from dropping funnel. 


quantity the acid chloride acid, half diluted with ether, was added 
dropwise with external cooling the Na-derivative diethylphosphorous acid. The contents the flask first 
turned yellow during the addition, and the end acquired brick-red color. The residue chloride 
was filtered off. After drying, its pure weight was 9.9 (theoretically required 10.3 g). Strong decomposition 
took place during distillation under vacuum. was not possible separate individual substances. 


SUMMARY 


was shown that reacting ethylene glycol with arsenic trichloride absolute ether medium and 
the presence pyridine, was possible obtain the acid chloride ethyleneglycolarsenous acid and the 
complete ethylene glycol ester arsenous acid. 


simpler and more convenient method for preparing the ethylene glycol ester arsenous acid was 
developed means reacting ethylene glycol with arsenous anhydride. 


The bromination reaction the arsenous acid ethylene glycol ester was studied. this reaction 
acid bromide having the composition was separated, and also diethyleneglycolarsenous acid. 
Cyclic mixed esters were synthesized having the AsOR, and their reactions 
and properties described. 
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TERTIARY TRIHYDRIC ALCOHOLS THE ACETYLENIC SERIES 


AND THEIR TRANSFORMATIONS 


POTASSIUM PERMANGANATE OXIDATION 


was shown our earlier papers [1,2] that the A.E.Favorsky reaction the reaction acetylene with ket- 
ones dry ether medium presence powdered potassium hydroxide could varied prepare tertiary tri- 
hydric alcohols the acetylenic series, ketoalcohol were used instead the ketone, and acetylenic alcohol 
used place acetylene. 


systematically studying chemical translformations acetylenic glycerols, the need 
have clear picture the manner which their oxidation potassium permanganate occurred. 


the last ten fifteen years, enough papers have already appeared the chemical literature dealing with 
the question oxidation triple bonds acetylenic hydrocarbons, alcohols, and particularly, glycols. With- 
out doubt, these introduced some clarity into the question being discussed here us. However, these investigations, 
the first place, frequently did not have systematic character, and, the second place, the hydroxyl-con- 
taining acetylene derivatives, they refer almost exclusively y-glycols; they hardly touch all upon questions 
oxidizing acetylenic a-glycols, erythritols, and trihydric alcohols. 


Attempts formulate scheme for oxidation triple bonds potassium permanganate were already under- 
taken Vagner, who, his classical oxidizing olefins, tried also give probable 
scheme oxidation for hydrocarbons the acetylene and allene classes. However, one can hardly agree entirely 
with his scheme. 


Vagner proposed that the first phase acetylene oxidation, addition the elements hydrogen peroxide 
would occur, with formation unsaturated glycol incapable independent existence, which hydration 
would transformed into hydrated form.of glycollic aldehyde; the latter would then lose water, and, de- 
pending the order which this water evolution occurred, either oxalic acetic acid would formed. 


Krestinsky and Kelbovskaya undertook attempts separate any neutral products from the 
oxidation acetylenic hydrocarbons. They oxidized acetylene, phenylacetylene, methylethylacetylene, and 
tiary butylacetylene. However, they were not separate any neutral products the basis which would 
possible formulate conclusions the specific mechanism this process. They only separated acids. 


The authors proposed that the primary products adding the elements the oxidant the triple bond 
evidently undergo hydrolysis, forming acids corresponding breakdown the triple bond location. 


seems that simpler assume for acetylenic bond oxidation, following Vagner, the formation 
neutral glycols first phase which, naturally, view the energetic oxidizing medium, are not able 
undergo all the transformations Vagner describes; having double bond, they are more readily split because 
the presence two hydroxyl groups, and are immediately subjected further oxidative action the potassium 
permanganate. Addition two more water residues the double bond occurs, with subsequent separation water 
and formation then oxidizes further the acid usually obtained oxidation acetylene 
acetylenic hydrocarbons. 


case there are hydroxyl groups adjacent the triple bond present the molecule, then the oxidation 
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process somewhat complicated secondary reactions result which neutral substances may appear 
among the oxidation products, addition acids. 


DuPont [4] and Krestinsky and Persiantseva [5], oxidizing tetramethylbutynediol with 
sium permanganate, obtained acetone and oxalic acid, addition a-hydroxyisobutyric acid. This 
stance forced them assume the presence two tautomeric forms tetramethylbutynediol, 


However, none the facts given the literature confirms the accuracy this assumption, with the 
exception the fact that oxalic acid and acetone are obtained oxidation. However, their formation can 
completely explained without assuming tautomeric forms. the other hand, experimental material has 
been accumulating during recent years which, like the data obtained and published below, directly shows 
the absence these tautomeric forms, both from acetylenic y-glycols and structurally 
ilar acetylene derivatives. 


Temnikova and [6] performed the oxidation with chromic 
anhydride acetic acid; they were able separate cyclic o-diketone. 


Tikhomoloy and Druzhinin [7] under the same conditions, likewise obtained corresponding 
o-diketone oxidizing tetraphenylbutynediol. 


Yu. Zalkind [8] separated free diketone after oxidizing tetraphenylbutynediol ethers 
with chromic anhydride. 


Zonis [9] studied the oxidizing action manganese triacetate acetylenic y-glycols. showed 
that oxidizing ditertiary acetylenic y-glycols the aromatic aliphatic-aromatic series, tri- 
acetate acts acetylating agent the triple bond; diacetyle derivative substituted dihydrofurane 
formed. case manganese triacetate acts ditertiary y-glycols the aliphatic series, oxidation proceeds 
otherwise, and leads destruction the carbon oxidizing disecondary acetylenic y-glycol with 
the same oxidant, Zonis obtained acetylenic diketones. 


the present study, oxidized tertiary alcohols the acetylenic series with potassium permanganate: 
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2,3, 3,6 Acetone and dimethylacetylcarbinol were obtained, and acetic, 
formic, oxalic, and a-hydroxyisobutyric acids. 


3,4, obtained acetone, methyl ethyl ketone, and methylethylacetyl- 
carbinol, well acetic, formic, oxalic, and a-hydroxyisobutyric acids. 


anone, and acetone, well formic, acetic, oxalic, and a-hydroxyisobutyric acids. 


(IV). obtained yclohexanol, cyclohexanone, and 
acetic, oxalic, a-hydroxyhexahydrobenzoic, and adipic acids. 


(V) (in acetone solution). obtained acetylcyclohexanol, 


and cyclohexanone, and formic, acetic, oxalic, and adipic acids. 


acetic, oxalic, and adipic acids. 


Thus, oxalic acid was obtained all six cases oxidation. its formation the sixth, last, casé could 
explained the presence tautomeric forms proposed DuPont, Krestinsky, and Persiantseva. has 


our laboratory that tertiary trihydric alcohols the series, where the possibility the 
cited tautomerization completely excluded, also give oxalic acid oxidation potassium 


Consequently, the matter not one tautomerization. Starting with the data obtained us, and also 
based the fact that number authors, oxidizing some acetylenic y-glycols, were able separate satur- 
ated diketones, necessary assume that the acetylenic bond oxidizes the very same manner hydroxyl- 
containing acetylene derivatives does acetylenic hydrocarbons. This scheme the case permanganate 
oxidation does not differ principle from the scheme oxidizing double bonds ethylenic hydrocarbons, 
developed Vagner, i.e., the first reaction phase the elements hydrogen peroxide add the triple bond. 
The unsaturated glycol formed, which then subjected further oxidative action, again adds the elements 
hydrogen peroxide the double bond, and thus transforms into diketone. Subsequent oxidative attack, evident- 
ly, directed carbon bonds both between carbon atoms having carbonyl oxygen atoms, and between carbon 
atoms one which there carbonyl oxygen, and the other hydroxyl group. Oxidation takes place 
likewise even bonds between carbon atoms both which have hydroxyl oxygen. 


The material just discussed may expressed the following scheme: 


the same time, judging from the quantity acid (or a-hydroxyhexahydrobenzoic 
acid, respectively) which separated result oxidation the extent more than half mole per mole 
substance oxidized (see table), should concluded that the oxidant action mainly directed the bond 
between carbons carrying ketonic oxygens. 


Alcohol Quantity Obtained NaOH (g) used titrating the 

oxidized substance (g) a-hydroxyisobutyric acid acid (g), calcul- volatile acids, calculated per 


(g), calculated per mole ‘ated per mole sub- mole substance oxidized 
substance oxidized stance oxidized. 
16.49 52.7 6.7 8.57 
13.9 59.0 13.6 11.1 


The acid was a-hydroxyhexahydrobenzoic. 


Moreover, follows from the table presented that oxalic acid formed comparatively slightly the 
case when the acetylenic alcohol being oxidized contains aliphatic radical, and that formic and acetic acids 
are formed significantly greater extent. The same results are obtained the case where mono-substituted 
hydroxyl derivative acetylene oxidized. Introducing alcohol group the substituting radical 
somewhat increases oxalic acid formation. Here the quantity volatile acid sigrificantly decreased; this 
can seen from the quantity sodium hydroxide used for titrating the volatile acids, the quantity which 
has been calculated per mole substance oxidized. 


regards formic acid, its formation should attributed somewhat the partial oxidation acetone, 
which either obtained result reaction introduced into the reaction solvent. The ability 
acetone oxidized potassium permanganate was shown Evans and Nicoll [10], who found that acid 
neutral media acetone was oxidized permanganate acetic acid and Formation the latter 
this case must considered result further oxidation formic acid. 
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From formic acid formed because direct oxidation the the triple bond. 


Adipic acid formed from (iV) and (V) the result subsequent partial oxidation 


EXPERIMENTAL 


Oxidation 


into liter flask fitted with mechanical and then 1134 potassiwn permanganate solution was 
added slowly dropwise (based calculating active oxygen atoms per molecule}. Oxidation took place 

room temperature. After addition all the potassium permanganate solution, the transparent solution was 
filtered from the precipitated manganese dioxide the precipitate was washed several times with hot 

water. 


distillate products was distilled. from the filtrate and the acid salts extracted ether 
extractar complete the extraction all neutral products possibly remaining. 


After drying and distilling the ether, 3.51 crystals remained, with m.p. they were shown the 
initial alcohol. Thus, 16.49 the triol entered the oxidation reaction. 


The distillate containing the neutral products was salted out with sodium sulfate and distilled, 
each time half its volume, until the volume the distillate reached 200 ml. After this the low-boiling 
ucts were distilled from the distillate rectification column with effectiveness theoretical 


The following fractions were collected: b.p. 53-54°; 2.8 b.p. 


From the first fraction was obtained with m.p. 185-187°. mixed test with the 
carbazone known acetone melted addition, 2,4-dinitrophenylhydrazone was obtained with 


m.p. mixed test with the 2,4-dinitrophenylhydrazone known acetone did not give melting point 
depression. 


The aqueous fraction remaining after distilling the readily volatile neutral products was saturated with 
ium sulfate and extracted with ether extractor until neutral products were completely extracted. The 


ether extracts were dried and the residual liquid, after distilling the ether, (1.2 distilled normal pressure. 
The following fractions were obtained: 


From the second fraction obtained the form transparent crystals which after re- 
crystallization from methyl alcohol melted and did not give depression melting with the 
carbazone known 


The acid salts were acidified with hydrochloric acid and the volatile acids steam distilled. The steam-dis- 
tilled distillate containing yolatile acids was neutralized with 180.95 standardized sodium hydroxide 
tion (0.1052 N); this 0.7602 sodium The presence formic acid was shown ob- 
taining calomel precipitate, and the presence acetic acid the cacodyl oxide reaction. 


The non-volatile acids were neutralized with sodium hydroxide, heated 70-80° and, using 
calcium chloride solution, oxalic acid was precipitated its calcium from which 0.6 oxalic acid was 
obtained with Mixture tests with known oxalic acid did not show depression. The 
after separating the calcium oxalate salt was acidified with hydrochloric acid and extracted with ether 


extractor. The separated crystals (4.7 after recrystallization from benzene melted 79° and did not give 
depression fusion with known acid. 


‘Thus, result oxidizing 3,6, acetone and dimethylacetylcarbinol were 


obtained from the neutral products,and oxalic, and a-hydroxyisobutyric acids from the acid 
prod ucts. 


1053 potassium permanganate solution was slowly added dropwise freshly distilled triol 


with 135-136° 3-4 mm, dissolved 100 water (based calculating three active oxygen atoms per 
octynetriol molecule). 


Separation and investigation oxidation was performed the same the previous 


experiment; triol was recovered, consequently 13.9 the substance entered the reaction. 


The following fractions were taken from the column distilling the distillate containing neutral products: 
0.8 with 0.5 with b.p. 0.8 with b.p. 71-81°. 


semicarbazone 2,4-dinitrophenylhydrazone were obtained from the first fraction; these melted 
and respectively, and corresponded acetone. 


with m.p. was obtained from the second and third fraction; this 
corresponds the 2,4-dinitrophenylhydrazone methyl ethyl ketone (mixture tests). 


5.2 substance was separated from the solution after distilling the readily volatile products the 
with b.p. from 60-to 80°, 1.3848; 1.2 with b.p. 1.6 with b.p. 


residue 0.6 
The second fraction corresponds methyl ethyl ketone according its refractive index (literature data: 
The 2,4-dinitrophenylhydrazone methyl ethyl ketone was obtained from this fraction and melted 
its refractive index, the fourth fraction corresponds (literature 
data: 1.4220). The 2,4-dinitrophenylhydrazone melts 107-108° and corresponds the 2,4-dinitrophenyl- 
hydrazone methylethylacetylcarbinol (mixture test). 


The distillate containing volatile acids was neutralized with 185.92 standardized sodium hydroxide 
solution (0.0970 N); this corresponds 0.7214 sodium hydroxide. Presence formic and acetic acids was 
shown qualitatively, preparation calomel and cacodyl oxide. 


0.95 oxalic acid with m.p. 101+102° (mixture test) and 4.1 a-hydroxyisobutyric acid melting 79° 
(mixture test) were separated from the non-volatile acids). 


Thus, result oxidizing 3,4, acetone, methyl ethyl ketone, and methyl- 
ethylacetylcarbinol were obtained among the neutral products and acetic, formic, oxalic, and a-hydroxyisobutyric 
acids among the acid products. 


Oxidation 


water, and then 934 potassium permanganate solution was.gradually added dropwise (based calculating 
three active oxygen atoms per alcohol molecule). 


Separation and investigation oxidation products was similar the previous experiments. 3.1 un- 
reacted starting substance was recovered (m.p. 


fraction weighing 0.7 with b.p. 52-53° was distilled column from the distillate containing neutral 
products;- its semicarbazone was obtained the Zelinsky method. The crystals, recrystallized from methyl 

alcohol, melted 185-187°; mixture tests with the semicarbazone known acetone did not show melting point 
depression. 


The acetone obtained was also confirmed preparing its 2,4-dinitrophenylhydrazone, which had m.p. 
124-125° (mixture test). 


From the solution remaining after distilling the acetone, 8.4 substance was then with ether. 
result distillation (at normal pressure) these fractions were obtained: 1.2 with b.p. 


semicarbazone having m.p. 160-163° was obtained from the second fraction; after recrystallization 
from methyl alcohol melted not show depression melting point when fused mix- 
ture with the semicarbazone known 


semicarbazone was likewise obtained from the third fraction; recrystallized from methyl alcohol, 
melted 194-195° and did not give depression fusion with the semicarbazone known 


distillate containing volatile acids was distilled from the acid salts after acidification with hydrochloric 
acid; neutralizing this 142.2 standardized sodium hydroxide solution used, which corres- 
0.5517 sodium hydroxide. formic and acetic acids was shown qualitative reactions 
formation precipitated calomel and oxide. 


oxalic acid with m.p. 101-102° and acid with m.p. 79° (mixture 
test) were extracted from the non-volatile acids. 


cyclohexanol, acetic acid, formic acid, oxalic acid, and a-hydroxyisobutyric acid were obtained. 


Oxidation 


the substance and 100 water were placed liter flask and 790 potassium permanganate 
solution added dropwise (based calculating three active oxygen atoms per alcohol molecule). unreacted 
was recovered (m.p. 


6.5 substance was separated from the distillate containing neutral products; distillation this, 
obtained the fractions: 0.25 with b.p. 1.5 with b.p. 1.4507; b.p. 
3.0 


The second fraction corresponds cyclohexanone (literature data: 1.4520). semicarbazone was 
obtained from white crystals with m.p. 166-167° (mixture test). 


From the third fraction (b.p. 170-196°) after second distillation, separated fraction with b.p. 188-192° 
and 1.4683, containing acetylcyclohexanol. (For known 1.4700). semicarbazone 
was obtained the form transparent needle-shaped crystals melting 194-195° (from methyl alcohol). 


The distillate with acids was neutralized with 44.16 standardized sodium hydroxide solution 
(0.1052 N); this corresponds 0.1855 sodium hydroxide. Presence acetic acid was shown obtaining 
cacodyl oxide. Formic acid was not detected. 


After distilling volatile acids distillation flask, oily layer floated the surface which did not 
and which crystallized cooling. The crystals (4.6 g), when recrystallized from benzene, melted 
105-106°. According its melting point this acid corresponds a-hydroxyhexahydrobenzoic acid 


The molecular weight the acid with m.p. 105-106° was determined titration. 
0.0707 substance: 7.7 0.0675 Found: 139.5. Calculated 144. 
The barium salt was obtained; contained Calculated 32.45. 


After separating the a-hydroxyhexahydrobenzoic acid from solution, oxalic acid was separated (1.6 with 
m.p. and 2.9 crystals which after recrystallization from ethyl acetate, melted 150-152° and 
were shown adipic acid (mixture test). 


Thus, the result oxidizing cyclohexanone and 
hexanol were obtained, together with the acids: oxalic, adipic, and small amount 
acetic. 


Oxidation (V) 


view the fact that this not soluble water, performed its oxidation acetone. 
the erythritol having m.p. 161-162° and 300 acetone previously distilled over potassium permanganate 
were introduced into the flask. Then potassium permanganate (8.7 was introduced with continuous agitation 
and small portions over hour: period (based calculating three active oxygen atoms per molecule the 
erythritol). Oxidation took place room temperature. The translucent acetone solution was filtered from 
cipitated manganese dioxide; the latter was washed with acetone and then several times with hot water. After 
distilling the acetone, liquid (6.3 remained the flask from which crystals separated these were 
shown the starting unoxidized erythritol (mixture test). The liquid, after separating unreacted erythritol, was 
distilled normal pressure. collected the fractions: 0.6 with b.p. 130-150°; 0.95 with b.p. 150- 


155°, 1.4510; 0.7g withb.p. with b.p. 1.4692; residue 0.8 


The second fraction cyclohexanone; its semicarbazone was obtained the Zelinsky method. The 


Crystals after recrystallization melted 165-166°, and did not give depression when fused with the semicarba- 
zone obtained from known cyclohexanone. 


The fourth fraction was shown acetylcyclohexanol; semicarbazone was obtained from with m.p. 
(mixture test). 


The water solution which contained the acid salts was extracted with ether extractor for extraction 
possibly unoxidized erythritol. After this the supplemental ether was distilled, and 0.8 crystals with m.p. 161- 
162° was separated, corresponding the erythritol. Consequently, 2.5 unoxidized substance was 


recovered from the 9.5 taken for the reaction. The water solution was acidified with hydrochloric acid, 
and the volatile acids steam distilled. The distillate was neutralized with sodium hydroxide 121.8 
sodium hydroxide (0.1176 was used neutralization corresponding 0.5737 sodium hydroxide. 


Presence acetic and formic acids was shown qualitatively, although the calomel precipitate was rather 


0.9 oxalic acid with m.p. and 0.3 adipic acid with m.p. 151-152° were separated from the 
non-volatile acids. 


Thus, oxidizing cyclohexanone, acetylcyclohexanol, 
oxalic acid, acetic acid, traces formic acid, and adipic acid were obtained (the last the product 
tion cyclohexanone). 


permanganate solution (three active oxygen atoms per glycol molecule) gradually added. Separation and in- 
vestigation reaction products were similar the foregoing. 1.3 thick liquid which crystallized stand- 
ing was recovered from the reaction; the crystals melted 67° and were unreacted a-glycol. 


2.8 substance was separated from the distillate which contained the neutral products; its distilla- 
tion, the following fractions were collected. 


The second fraction was cyclohexanone. semicarbazone was prepared from having m.p. 165-166° 
(mixture test). 


The fourth fraction appeared acetylcyclohexanol; its semicarbazone melted 194-195° (mixture 
test). 

The distillate with volatile acids was titrated using sodium hydroxide solution (0.1176 N). 47.7 was 
used neutralization corresponding 0.2247 sodium hydroxide. Presence formic and acetic acids were 
shown qualitative reactions. Formic acid gave yoluminous calomel precipitate. 


Oxalic acid (0.4 with m.p. 101-102° was separated from the nonvolatile acids, and mixture tests with 
commercial known oxalic acid did not show depression. Moreover, 1.2 liquid with sharp acid odor was 
separated; partly crystallized after lengthy standing. The separated crystals melted view 
the small quantity, were not able purify it. all probability, was adipic acid. 


Thus, oxidizing and acetylcyclohexanol were 
separated from the neutral products, and oxalic, acetic, and formic acids sere separated from the acids. 


SUMMARY 

not necessary consider that tautomeric forms actually exist, either for tertiary acetylenic 

cols assumed DuPont, Krestinsky, and Persiantseva, for other tertiary alcohols acetylenic 
series. 


Tertiary acetylenic alcohols, and y-glycols, glycerols, and erythritols are oxidized potassium per- 
manganate, evidently first all diketones, the triple bond. 


Oxidation does not halt the stage forming diketones and goes far:her, the one hand bonds 
between carbons one which has carbonyl oxygen and the other hydroxyl; this causes formation oxalic 
acid. the other hand, takes place the bond between carbons having hydroxyl groups. The oxidation re- 
action mainly takes place the bond between carbons with carbonyl oxygen, i.e., the location the triple 
bond hydroxyl-containing acetylene derivatives. 
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INVESTIGATIONS THE FIELD CYCLIC ACETALS 


HYDROXYCARBONYL COMPOUNDS 
IV. DIMETHYLBENZOYLCARBINOL METHYL LACTOLIDE/AND ITS TRANSFORMATIONS 


Temnikova and Almashi 


lactolides (a-methoxy a-hydroxy) have hardly been studied. The methyl lacto- 
lide methylbenzoylcarbinol 


the first example this class compounds whose structure has beenrigidly established, was obtained compara- 
tively recently Temnikova and Kropacheva [1]. Study the properties this interesting compound 
naturally difficult view its great tendency polymerize. was interest extend our investigation 
chemical transformations lactolides a-ketoalcohols, using more stable substance basis; 

could expected, theoretically, that methyl lactolides homologs which contained other 
hydrocarbon groups place the methyl would show less tendency polymerize. 


the present research, performed investigation the properties methyl 
lactolide and its changes reaction with various reagents. 


The lactolide dimethylbenzoylcarbinol was prepared the action dry sodium methylate 
a-bromoisoprppyl phenyl ketone absolute ether: 


Dimethylbenzoylcarbinol lactolide oxide) was rather 
mobile liquid which did not change extended storage. 


Hydrolysis the cyclic oxide occurs heating the methyl lactolide (II) with aqueous solution, 
and dimethylbenzoylcarbinol obtained. 


confirm the correctness conclusions structure for the substance obtained reacting CHsONa with 
a-bromoisopropyl phenyl ketone, performed spectrochemical investigations the ultra-violet, based 
our chemical data, and compared its absorption spectrum (Fig. curve with the spectrum dimethylbenzoyl 
carbinol (Fig. curve II). The absorption spectrum the substance obtained reaction with 
bromoisopropyl phenyl ketone does not have absorption maximum the 270-290 region; this indi- 
cates the absence carbonyl group it. The substance absorbs only the shorter wave region, account 
the benzene ring present The absorption spectrum charactetized two 
maxima: and 320 because the presence benzoyl group this substance. 


Thus, spectrochemical study confirms correct the conclusion that the substance obtained from reacting 
sodium methylate with phenyl ketone had methoxy oxide structure. 


line precipitate began deposit after several hours; this was shown the semicarbazone dimethylbenz- 
reacting aqueous sulfuric acid solution 2,4-dinitrophenylhydrazine with the methyl 
lactolide, the 2,4-dinitrophenylhydrazone dimethylbenzoylcarbinol was obtained. Formation from the methyl 


lactolide carbonyl group 
derivatives, corresponding 
ketoalcohols, indicates 
the ease hydrolyzing the 
methyl lactolides under 
study acid aqueous solu- 
tions. 


connection with this, 
should note that the re- 
action between a-bromo- 
isopropyl phenyl ketone 
and dry sodium methylate 
was performed Aston, 


Fig. Dimethylbenzoylcarb- Fig. Anhydrous dimethylbenz- Clarke, Burgess, and Green- 
inol methyl lactolide; di- oylcarbinol dimer melting 185- burg [2] 1942. Based 
III) 186°; the tendency the substance 
methylphenylacetylcarbinol dilactolide; dimethylbenzoyl- react with 2,4-dinitrophen- 
methyl ether. carbinol oxalate ester. with formation 


2,4-dinitrophenylhydra- 
zone, they incorrectly at- 
tributed the dimethylbenzoylcarbinol ether. They did not analyze the 
hydrazone for its methoxy group content; the ease methyl lactolide hydrolysis led the American authors into 


error. According physical constants and melting point, the 2,4-dinitrophenylhydrazone their substance 
identical with the one prepared. 


reacting alcohol with dimethylbenzoylcarbinol methyl lactolide, obtained dimethylbenzoyl 


carbinol dimethylketal (IV); this was shown hydrolyzing the substance obtained the ketoalcohol, and iden- 
tifying the latter. 


COH 


(IV) 


reacting absolute methyl alcohol benzene with the methyl lactolide, substance formed 
which melts 184-185°, together with quantity ketoalcohol; this was previously obtained A.E. 
Favorsky and Mandryka from dimethylbenzoylcarbinol storage The structure this substance has not 
been shown. probable that anhydrocyclodilactal, and has structure (V). Assumptions with regard 
the presence dioxane ring the compound and its bicyclic structure are based similarity the absorp- 
tion spectrum this substance (Fig. 2., curve with the absorption spectrum ethylbenzoylcarbinol cyclodi- 
methyldilactolide (VI) (Fig. curve which there about the dioxane rings 


Assumptions forming the anhydrous form the dioxydioxane reacting sodium bisulfate with ketals 


reacting the methyl lactolide with oxalic acid benzene,the oxide ring broken the side the 
two methyl groups, and the full oxalate ester dimethylbenzoylcarbinol (VII) formed, whose structure was 
confirmed hydrolysis and identification the hydrolysis products. 


The ultraviolet absorption spectrum also indicates presence the substance benzoyl grouping (max- 


Cet co O O 
(CH) 
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reacting the methyl lactolide with benzoic acid the oxide ring likewise readily 
opened, and benzoic ester formed, evidently, dimethylbenzoylcarbinol 


Conclusions structure this substance were drawn analogy with oxalic acid esters where the ester 
structure was firmly established. Attempts prepare the benzoic acid ester dimethylbenzoylcarbinol the 
usual method heating phenyl ketone with potassium benzoate alcohol 
were unsuccessful; the bromoketone was recovered again unchanged form. 


comparing results this study with data the work Temnikova and Kropacheva [6] 
the relative action acids methyl lactolides and can seen that both methyl lactolides behave 
differently with regard oxalic acid; whezeas reacting oxalic acid with dimethylbenzoylcarbinol methyl 
lactolide ester formation occurs with oxide ring rupture the side the two methyl groups, reacting 
oxalic acid with methylbenzoylcarbinol methyl lactolide, oxide ring rupture takes place the phenyl side, and 
isomerization methyl ether was observed. were able cause isomeric transformation 
dimethylbenzoylcarbinol methyl lactolide action magnesium bromide etherate ether solution; 
here also oxide ring cleavage took place the phenyl side with formation methylphenylacetylcarbinol 
ether: 


OCH, 


The structure the isomerization product was confirmed oxidizing with sodium 
methoxymethylphenylacetic acid, and also spectrochemical methods. The absorption curve not have 
maximum the region 320 the maximum for the carbonyl group, does 
acetylcarbinol methyl ether, which shifts the direction longer waves (compare Fig. this work with 


Thus, dimethylbenzoylcarbinol methyl lactolide characterized greater stability toward 
tion compared with methylbenzoylcarbinol methyl lactolide, but shows higher tendency toward oxide ring 
cleavage hydrolysis and reaction with reagents; the this ring cleavage the same 
forming esters organic acids cleavage takes place the side the methyl groups (a); action sodium 
methylate and the phenyl and methoxy group side (b): 


EXPERIMENTAL 


Preparation dimethylbenzoylcarbinol methyl lactolide 


solution bromoisopropylphenyl ketone 100 absolute ether was added dropwise suspen- 
sion sodium methylate (from metallic Na) 200 absolute ether with vigorous agitation. obtain 
optimum yield (about the sodium methylate must absolutely dry and finely pulverized. Reaction 
completed 7-10 hours. The ether solution was filtered from the mixture NaBr and following dis- 
tillation the ether the residue was distilled vacuum. B.p. 9.5 mm, mm. 


Calculated: MR, 50.52; MRg 


0.1923 substance: Agl. Found 73.81, 73.91; 8.02, 8.07; 17.2. 


calculating 0.35 was added per oxide ring increment for the for the 


Reaction the methyl lactolide with semicarbazide. water-alcohol solution semicarbazide acetate 
(from semicarbazide hydrochloride) was added the substance. The crystals separating hours 
were filtered and recrystallized from alcohol, M.p. The semicarbazone 
melts the same temperature. Mixture tests melted the same temperature. 


Reaction the lactolide with 0.5 the substance dissolved 
alcohol. The solution was allowed stand overnight. The crystals which precipitated were separated, 
washed with alcohol, dried, and recrystallized from ligroin. M.p. The substance did not contain 
methoxy groups (determined the Tseizel method). 


0.1020 substance: 14.4 755.6 mm). 0.0859 substance: 12.2 755.3 


Hydrolysis the methyl the substance was heated boiling water bath with vigorous 
agitation for hour period with 100 aqueous acid. cooling, the oil was extracted with 
ether, dried with MgSO, and the hydrolysis products distilled. 


B.p. 128-129° mm; semicarbazone, m.p. 181-182°. 


glycol was obtained reaction with magnesium phenyl bromide: 
with m.p. 88-89°. 


According literature data, dimethylbenzoylcarbinol has b.p. semicarbazone m.p. 


Reaction dimethylbenzoylcarbinol methyl lactolide with methyl alcohol. the methyl lactolide 
was dissolved methyl alcohol and allowed stand for two days. After distilling the methyl alcohol 
under vacuum, Oily substance and crystals remained. The liquid portion was shown mixture substances. 
The crystals after recrystallization from light petroleum ether melted 54-55° Yield 


Methoxyl determination according Fibek: 0.0436 substance: 24.7 0.1 0.0395 sub- 
stance: 22.5 0.1136 substance: 11.9 756 mm). 0.1025 substance: 
10.8 756 mm). Found 68.43, 68.36; 8.73, 8.81; 29.36, 29.45; number 


active hydrogens 0.96, 0.97. Calculated 68.57; 8.57; 29.52; number 
active hydrogens 


Hydrolysis the substance obtained, which appeared ketal dimethylbenzoylcarbinol, was per~ 


formed heating water bath with water for period. Dimethylbenzoylcarbinol was 
identified its semicarbazone with m.p. 181-182°. 


Action HCl benzene dimethylbenzoylcarbinol methyl lactolide methyl lactolide was 
added dropwise dry benzene containing HCl. The reaction takes place with warming. After 
hours, the benzene solution was washed with water and soda solution and dried with MgSO,. After removing 
the benzene vacuum, oil was obtained which gave positive reaction for halogens and contained dimeth- 
ylbenzoylcarbinol. The crystalline substance was recrystallized from mixture alcohol and benzene; 


From the action HCl absolute methyl alcohol there was similarly obtained dimethylbenzoylcarbinol 
and the substance with 


Reaction dimethylbenzoylcarbinol methyl lactolide with oxalic acid benzene solution. 10g methyl 
lactolide was added dropwise anhydrous oxalic acid suspended dry benzene. The reaction mix- 
ture was allowed stand for hours, during the course which the oxalic acid gradually went into solution. 
the next day, the benzene solution was washed with aqueous soda solution and dried over After 


distilling the benzene under vacuum, yellow liquid colorless crystals remained residue. The crystals 
were separated from the liquid filtration. The crystals were recrystallized from ethanol; m.p. 


The substance did not contain either groups. 


Hydrolysis the oxalate ester was performed heating with aqueous alcoholic potassium hydroxide solution 
for hour period water bath. The ethyl was distilled under vacuum and the subjected 
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ether extraction. Dimethylbenzoylcarbinol was separated from the neutral products, identified its absorption 
spectrum the ultraviolet and its semicarbazone, which melted 180-181°. depression melting 
point was observed with the semicarbazone dimethylbenzoylcarbinol. Oxalic acid was separated via its cal- 
cium salt and acidification. After two recrystallizations from water and drying, the acid had m.p. 189° ina 
sealed capillary. The melting point mixture with commercial oxalic acid was the same. The calcium 
salt was 


Reaction dimethylbenzoylcarbinol methyl lactolide with benzoic acid. the methyl was 


added benzoic acid dissolved benzene. The solution was allowed stand overnight, and then 
washed with aqueous soda solution and dried over After distilling the benzene, colorless crystals re- 
mained, which after two recrystallizations from light petroleum ether melted 


Isomerization dimethylbenzoylcarbinol methyl lactolide into methylphenylacetylcarbinol methyl ether. 


was conducted with magnesium bromide etherate, prepared according Menshutkin [10]. 
bromine was added 1.5 under absolute ether with strong agitation and cooling; the 
solution was then heated. After little while two layers appeared the flask: the upper one ether and the 
lower one, ether complex magnesium bromide. dimethylbenzoylcarbinol methyl lactolide was then 
added dropwise the flask and the solution agitated for hour period. The ether solution was washed with 
dilute hydrochloric acid and then with alkali, and dried with MgSO, result distillation 3mm, two 
fractions were obtained; and After second ‘distillation narrow fraction was 
separated boiling 86-86.5° mm. 


The semicarbazone was obtained the usual method. After recrystallization from alcohol melted 


0.1023 substance: 15.3 733mm). 0.0983 14.9 733 mm). 
Found 18.01, 18.21. Calculated 17.87. 


Methoxyketone oxidation. Oxidation was performed sodium hypobromite prepared from NaOH 
and bromine. 1.5 ketone was added dropwise the hypobromite solution 20° with constant agitation; 
heavy droplets began collect the bottom the flask after minutes. Reaction continued for hours. 
Bromoform was separated and was distilled after drying- 1.609 (according the literature 
data, b.p. 1.598, 


The alkaline solution was extracted with ether remove neutral products, and then dried and acidified 
with hydrochloric acid. The oil separated was extracted with ether and dried over The acid was pre- 
cipitated its ammonium salt from the ether solution, using dry NH3. The ammonium salt was white colored 
crystalline solid, soluble water; reacting with solution, the silver salt the acid was separated; 
this was used for analysis. 


0.0530 0.0551 Ag. 0.0786 substance: 15.7 0.1 Found 41.60, 41.99, 
37.63; 10.80. 


SUMMARY 


Dimethylbenzoylcarbinol methyl lactolide oxide) obtained 
Teacting sodium methylate absolute ether with phenyl ketone. The methyl lactolide was 
stable and did not polymerize storage, but was readily hydrolyzed aqueous acid solutions with formation 
dimethylbenzoylcarbinol; because this the corresponding ketoalcohol derivative was obtained reacting the 
methyl lactolide with semicarbazide 2,4-dinitrophenylhydrazine. 


The dimethylketal dimethylbenzoylcarbinol formed reacting the methyl lactolide with methyl 
alcohol, 


reacting the methyl lactolide with benzoic oxalic acids, corresponding esters 
carbinol are formed. 


Under action magnesium bromide etherate, the methyl lactolide undergoes isomerization and 
phenylacetylcarbinol methyl ether obtained. 
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THE PROBLEM FORMING DERIVATIVES ACIDS 


studying chemical properties certain a-substituted B-aminoacrylic acids, was found that they could 
rather readily transformed into derivatives B-aminodiacrylic acids. 


similar reaction was described Rubtsov [1]. heating the ethyl ester -p-anisidineacrylic 
acid vacuum 100°, Rubtsov obtained the ethyl ester acid and p-anisidine. 


The author has shown [2] that ether solution presence hydrogen chloride the methyl ester a-phen- 
yl-B-aminoacrylic acid changes the methyl ester acid). saponifying the 
ester with alcoholic potassium hydroxide solution, the potassium salt acid) was 
obtained, and the free acid prepared from it. 


the present paper describe another similar transformation reaction. action hydrogen chloride 
benzoylaminoacrylic acid) slowly forms. Evidently, the reaction via stage forming the methyl ester 
acid saponifying ester (II) with potassium hydroxide solution, the 
potassium salt the acid was formed, and then the free acid) 


NHCOC,Hs 


explain the reaction mechanism, necessary make several very probable assumptions, Fsters 
acid exist two tautomeric forms (V) and 


The presence hydrogen chloride will promote transformation the B-aminoacrylic acid ester (V) into 
the aldimine form (VI), and presence traces water, always present alcohol ether, leads decomposi- 
tion the molecule into ammonium chloride and acid ester. Subsequently, the 
acid ester enters into reaction with as-yet-unchanged molecule acid ester; here the water 
separated takes hydrogen chloride, and the tautomeric form obtained, which changes into 
acrylic acid ester 


CH=CH 


Thus, small quantity water can promote almost complete transformation B-aminoacrylic acid 
ester into B-iminodiacrylic acid ester. This was shown transforming (I) into the yield 
(a-benzoylamidoacrylic acid) methyl ester reached 90%, 


presence hydrogen chloride, this reaction goes without consumption external energy, while heating 


necessary convert the ethyl ester acid into the ethyl ester 
acid. 
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may assume that formation acid esters and their derivatives takes place 
scheme which may considered general one for the given series compounds. 


EXPERIMENTAL 


acid) 


acid) methyl ester was heated with potassium hydroxide solution 
alcohol for hour period The white crystalline precipitate which separated was filtered, 
washed with methyl alcohol, and dissolved water. The solution was treated with 0.5 charcoal 15-20° 
and filtered. acidification the filtrate, pale yellow substance separated which, after recrystallization 
from methyl alcohol, melied (with decomposition). 


0.0206 substance: 1.31 0.1 NaOH. Found 4.48, 4.46; COOH 28.59, 


Methyl ester acid) (il 


methyl alcohol was saturated with dry hydrogen chloride. 4-aminomethylene-2-phenyl-5- 
oxazolone was added the solution and allowed stand for days The azlactone gradually went into 
solution. and crystalline precipitate simultaneously separated the form long, pale-yellow, silky needles. The 
residue was filtered and recrystallized from methyl alcohol. M.p. 230-231° (with decomposition). 


4.945 substance: 0.466 737.5 mm). 4.115 substance: 0.373 (23°, 739 mm). 
5.692 substance: 8.31 0.02 5.097 substance: 7.39 0.02 
Found 10.02, 10.16; 15.09, 15.00. Calculated 9.95; 14.62. 


acid) (IV) 


acid ester was heated with 10% potassium hydrox- 
ide solution methyl alcohol. The substance dissolved .and then precipitate separated, which went into solu- 
tion addition water. yellow crystalline substance separated acidification the solution with 
hydrochloric acid. was recrystali:zed from methyl alcohol, m.p. 165-166°. 


SUMMARY 


The transformation acid methyl ester into 
amidoacrylic acid) ester shown. 


Assumptions are discussed with regard reaction mechanism for forming esters B-iminodiacrylic 
acids and their derivatives from the corresponding B-aminoacrylic acid esters. 
LITERATURE CITED 
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SYNTHESIS AND TRANSFORMATION 


The condensation carbonyl compounds with singly substituted acetylenic hydrocarbons, discovered and 
studied Favorsky [1], has had wide application most general method for preparing acetylenic alco- 
hols and glycols. This reaction (in its various variations) continues have wide development even the pres- 
time. particular, Nazarov and his coworkers studied detail the reaction condensing 
enic hydrocarbons with the piperidine series [2]. 


The similar condensation vinylacetylene its homologs with aliphatic aminoketones has not been reported 
previously. 


was shown previous paper [3] that condensing vinylacetylene with 
presence powdered potassium hydroxide, the vinylacetylene series are formed, from which 
saturated and unsaturated amines, well the corresponding aminoalcohols, were obtained dehydration and 
catalytic hydrogenation. 


The present paper concerned with synthesis second example this aminoalcohol 
and also describe the products its corresponding transformations. 


The aminoalcohol was obtained with 70.9% yield condensing vinylacetylene with B-diethylamino- 
butanone: 


Catalytic hydrogenation aminoalcohol was performed ethyl alcohol presence platinum black. 
The corresponding saturated aminoalcohol obtained with 
yield. 


dehydrating the starting aminoalcohol with sulfuric acid, obtained amine the divinylacetyl- 
ene series; its structure could expressed formula analogy with previously prepared and studied 
homologs, [3]. 


Catalytic hydrogenation amine (III), obtained the corresponding saturated amine (IV), which was 
formed with yield 77% the theoretical quantity. 


EXPERIMENTAL 


Diethylamino)ethylmethylvinylethinylcarbinol 


small portions with continued shaking and cooling ice-salt mixture during nour period mixture 
powdered potassium hydroxide dry ether. The reaction mixture was stirred for hours with cooling 
ice water, and for hours temperature. the following day, the ethereal solution reaction 
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products was washed with water and dried over sodium sulfate. After removing the ether, the residue was vacuum 


distilled. 20.6 (70.91% the theoretical quantity) colorless oily substance was obtained, with 123-125° 
mm. 


0.9020 1.4800; found: MRp 61.53. Calculated MRp 60.73. 


73.84; 10.76. 0.0658 substance: 6.6 0.05 0.0586 substance: 6.99 0.05 
Found: Calculated: 195. 0.0636 substance: 12.8 CH, (26.5°, 678 mm). 
0.0586 substance: 12.0 CH,(31°, Found.OH groups: Calculated groups: 


1-Diethylamino-3-methylheptanol-3 


6.65 freshly distilled carbinol was hydrogenated ethyl alcohol with platinum black. 
tion was rapid first, and slowed down the end. 2.29 liters hydrogen required for complete reduction; 
liters was absorbed. 5.03 (73.51% the theoretical quantity) 1-diethylamino-3-methylheptanol-3 was ob- 
tained, with b.p. 108° mm; mobile liquid with specific amine odor. 


0,8562; 1.4487; found: MRp 62.87. Calculated MRp 63.20. 


substance: 4.7 0.1 Found: 198.2. Calculated 201. 


Its hydrogen chloride salt, obtained passing stream dry hydrogen chloride through ether solution 


the amine, was hygroscopic amorphous white powder, which came out viscous, non-crystallizing mass 
attempts crystallize it. 


0.1103 substance: 0.0686 AgCl. Found 15.39, Calculated 14.95. 
1-Diethylamino-3-methylheptadiene~2,6-yne-4 


concentrated sulfuric acid was added slowly stirring and cooling ice water 
mixture 115 carbinol and water. After stirring for hour water bath temperature 
60-70°, small quantity water was added and the mixture neutralized with potassium acetate while cooling 
with ice. After removing the ether layer, the water layer was washed with ether; the ether solution was dried with 
sodium sulfate and the solvent distilled. distilling the remaining oil (74.71% the theoretical quantity) 

pale yellow liquid was obtained, having amine odor, and boiling 91-92° mm. 


0.8896; found MRp 59.47. Calculated MRp 58.62. 


0.0308 substance: 3.36 Found 179.1. Calculated: 177. 0.0865 sub- 


The compound obtained should analogous structure with the product from dehydrating 


substance was established earlier [3] oxidizing with potassium permanganate dimethylaminoacetic acid, 
identified via its hydrogen chloride salt. 


1-Diethylamino-3-methylhept ane 


2.7 freshly distilled aminodienyne was hydrogenated alcohol over platinum catalyst. 1.36 
liters hydrogen required for complete reduction; 1.3 liters was absorbed. The catalyst was filtered, alcohol 


distilled, and the product distilled under vacuum. 2.2 amine (IV) (77.3 the theoretical quantity) was ob- 
tained mobile liquid, boiling 80-82° mm. 


0.8172; 1.4610; found: 62.11. Calculated: MRp 61.56. 


0.0472 substance: 2.6 0.1 Found: 181.7. Calculated 185. 
0,1304 substance: 9.4 (23°, 680 mm). Found 7.48. Calculated 


The hydrogen chloride salt this amine was hygroscopic, white powder, which decomposed 
storage air, and came out the form viscous noncrystallizing mass attempts recrystallize it. 


SUMMARY 


aminobutanone with vinylacetylene, forms the corresponding saturated carbinol catalytic hydrogenation. 
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reacting with sulfuric acid, dehydrated the 
corresponding aminodienyne. The corresponding aminoheptane obtained hydrogenation the latter. 


The following were obtained for the first time and described: 
carbinol, 1-diethylamino-3-methylheptanol-3, and 1-diethylamino- 
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RESEARCH THE FIELD ALKANOSULFONIC ACIDS 


METHYLATION THE N-ARYLAMIDES ALKANOSULFONIC ACIDS 


Kostsova 


N-Arylamides alkanosulfonic acids, having the general formula RSO,NHAr, contain their composition 
the group with mobile hydrogen atom, whichcan replaced various radicals, for example, alkyl, acyl, 
and others. Nevertheless, the alkylation and acylation reactions the N-arylamides alkanosulfonic acids have 
been studied very little [1]. The reactions mentioned have been described with relative completeness the liter- 
ature only for the p-phenetidide ethanesulfonic acid [2]. Directions for alkylation N-arylamides disulfonic 
acids are present the literature [3, 4]. 


Alkylation usually carried out alkaline medium, with alkyl halides, alkyl sulfates, diazomethane, 
and other reagents playing the role alkylating agents. 


The purpose the present work was study the methylation anilides, p-anisidides, and certain p-phene- 
tidides alkanosulfonic acids synthesized the author:.. The author used methyl iodide the methylating agent. 
Methylation was carried out alkaline medium. The methylation products separated readily from the reaction 
mixture, due complete insolubility alkali. This property readily distinguishes them from the initial 
sulfonamide, which, contrast, dissolves readily alkalies. Attempts carry out methylation without alkalies, 
the presence absolute ether medium, well the absence solvent, direct interaction N-arylsulf- 
with methyl iodide, led negative results. both cases unchanged N-arylsulfonamides were 


These experiments indicated that methylation the latter proceeds under strictly defined conditions, notably, 
only alkaline the other hand, the point should stressed that N-arylsulfonamides, the author's 
observations have shown, possess neutral character; this demonstrated the neutral reaction litmus, and 


However, neutral compounds they dissolve readily alkalies, manner analogous primary and 
nitro compounds, i.e., they behave typical pseudo acids. Hence, proceeding from the fact that 
sulfonamides not alkylate without alkalies, the author advances the assumption that they isomerize the aci- 
form under the action alkalies, and this form they the resulting derivative then regroup- 
ing into the N-methyl according the following equation: 


ONa 


isomerization possible, considering also the analogy amides the carboxylic acids, which are 
inclined toward similar tautomeric transformations. Therefore, for some their metallic derivatives, structure 
can attributed, corresponding the tautomeric form 

ONa 


The methylated N-arylamides the alkanosulfonic acids obtained the author were colorless, crystalline 
substances, readily soluble alcohol, insoluble ether, and stable water hydrolysis; for example, they remained 
unchanged after hours boiling with water. 


EXPERIMENTAL 


The anilides, p-anisidides, and p-phenetidides required for methylation were synthesized the method 
described the preceding works [5] the author. 7-8% alkali was used dissolve the N-arylsulfonamides. 
iodide was taken four times the amount calculated the equation. Methylation procedure 


CHg 

‘Ar 


Formula 


Meth- 
ulfon- 
amide* iodide 


duct 


78° 


methylanilide 0.5 

Butanesulfono-N- 


N-methyl-p- 
methyl-p- 
sulfono-N-meth- 
0.80 482 5.72 5,76 


|2-Methylbutane- 
sulfono-N-meth- 
2-Methylethane- 
sulfono-N-meth- 


Initial N-arylsulfonamides: 1-6, anilides; p-anisidides; 13-14 p-phenetidides. 
2-Methylbutanesulfono-N-methyl-p-phenetidide was obtained Levitan 


used the author was the same for all the general description therefore given below, 
and specific data are given the table only for the most characteristic experiments. Melting points for the synthe~ 
sized methylated derivatives are also placed the table. 


The requisite quantity N-arylsulfonamide was dissolved small volume alkali (8-4 ml). four-fold 
excess methyl iodide was added the the mixture shaken vigorously, and the emulsion 
formed heated water bath 40~45° with reflux condenser for 1-1.5 hours. After heating, 
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(°C) substance |of for 
ound Calc 


the mixture was left room temperature until the following day. The contents the reaction flask were then 
poured out onto large watch glass into crystallizing dish for evaporation the excess methyl iodide. 
the latter evaporated. colorless crystals separated from the alkaline solution. which were separated from the alka- 
lies. washed with water. dried and then recrystallized from mixture alcohol and water. 

Upon methylating ethanesulfono-p-anisidide, the reaction product separated alkaline solution oil, 
which did not crystallize upon cooling, upon prolonged rubbing with glassrod. such case the oil was care- 
fully separated from the alkali, dissolved small amount alcohol, and precipitated with water cooling 
and rubbing with glass rod. Crystals were isolated from the water-alcohol mixture, which softened 
Attempt filtration resulted conversion oily spot the filter. Nevertheless, was possible 
isolate very small amount the crystals. The point was about 20°. was not possible analyze the 


SUMMARY 
The methylation reaction for the anilides, p-anisidides and p-phenetidides alkane sulfonic acids has been 
studied. 


The N-methylanilides and N-methyl-p-anisidides methane-, ethane-, butane-, 2-methyl- 
propane- 2-methylbutane-sulfonic acids, and the N-methyl-p-phenetidides 2-methylethane and 2-methylbutane 
sulfonic acids have been synthesized and characterized for the first time 


has been demonstrated that methylation proceeds only alkaline medium. Methylation does not pro- 
ceed absolute ether the absence solvent. 
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ORGANIC INSECTOFUNGICIDES 


XIV. SYNTHESIS ESTERS DITHIOPHOSPHORIC ACID 


Mixed esters phosphoric and thiophosphoric acids have acquired greater and greater importance 
culture the struggle against yarious plant pests, and their scale application continuously in- 
creasing [1-7]. favorable property this class compounds their rather universal character and rapidity 
action upon various plant pests. interest this respect are the esters dithiophosphoric acid. which although 
somewhat less active than the mixed esters thiophosphoric acid, are less dangerous work with [8]. 


There are described the literature only limited number for the synthesis dithiophosphoric 


acid esters. the most important among them being the reaction dialkyldithiophosphoric acid salts with halogen 
derivatives [9, 


this method has been obtained majority the mixed esters dithiophosphoric acid described 
the present time. However, this method produces good ester those cases where the halogen 
the halogen derivatives sufficiently mobile. 


was interest the authors study the addition reaction dialkyldithiophosphoric acid the double 


bond unsaturated compounds, and clarify the possibility synthesizing mixed esters dithiophosphoric acid 
such reaction. The addition dialkylphosphorous acids unsaturated compounds was achieved recently 


result experiments carried the start 1951, was possible determine that the reaction 
dialkyldithiophosphoric acid with unsaturated compounds will proceed according the following scheme: 


the result which quite satisfactory yields dithiophosphoric acid esters have been produced. The reaction 
proceeds the cold the presence small amounts solid potassium hydroxide other bases. The reaction 
acid with unsaturated hydrocarbons proceeds according the following general 
tion: 


This reaction has been studied the authors, using example the interaction dialkyldithiophos- 
phoric acids with styrene. The resulting compounds and their properties are given Table 


should mentioned that after completion the given work, there appeared directions the 
ture for the synthesis certain the compounds [16] given Table 


The interaction acids with unsaturated compounds with esters the unsat- 
urated alcohols proceeds according scheme (4): 


this fashion allyl alcohol and vinyl acetate reacted. The compounds synthesized the authors, and 
their properties, are given Table 


The reaction dialkyldithiophosphoric acids with unsaturated monobasic acids proceeds analogously 
(Scheme 5): 


The compounds synthesized and their properties are given Table 
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TABLE 


Mixed Esters Dithiophosphoric Acid Obtained from Alcohols and Dialkyldithiophosphoric Acids 


Initial compound 

TABLE 


0.15 1.5498 
38.5 0.2 1.5365 

17.5 0.04 


1.5301 


11.82 

1.1444' 10.67 

1.0990, 

1.0966; 

8.94 


[Phosphorus 


11.65 
9.82/9.92 
9.81/ 9.95 
8.82/8.8 
9.1/9.18 


Mixed Esters Dithiophosphoric Acid Obtained Interaction Dithiophosphoric Acid with Unsaturated Alcohols 


and Esters 


Initial compound 


TABLE 


100-103 


115-117 


80- 


104 


109 


0.05 


0.1 


0.4 


0.03 


1.5252 
1.4948 
1,5075 
1.4335 1.0846 
1.4858 1.0926 
1.4915 1.0915 


1.4835 1.0491 


12.63 
11.4 
10.32 
10,32 
9.43 
9.43 


10.31 


Phosphorus analysis 
calc'd (%) 


found 


13.3 
13.4 
11.37 
11.34 
9.92 
10.9 
10.8 
9.96 
10.1 
10.22 
10.48 
10.21 
10.02 


Mixed Esters Dithiophosphoric Acid Obtained from Dithiophosphoric Acids and the Esters Unsaturated Acids 


Initial compound 
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167 
124-129 
133-135 

154.5 
84-85 
115-116 


110 


Boiling Pressure 
1 


1.2625 


1.1911 
1.1172 
1.2330 
1.4995 
1.4915 


1.4918 1.1132 


12.69 


11.38 


9.43 


12.01 


10.82 


12.71 
12.78 
11,92 
11.98 

9.72 


12.01 


11.31 
11.35 
10.15 
10.28 
9.32 
9.16 
8.8 
9.14 


0.2 
0.02 9.84 


Addition dithiophosphoric acids acrylonitrile and maleic acid esters proceeds quite easily. This reac- 
tion can represented schemes and 


The compounds obtained the authors, with their properties, are given Tables and 
TABLE 


Mixed Esters Dithiophosphoric Acid Synthesized from Acids and Acrylonitrile 


point (in mm) 


TABLE 
Mixed Esters Dithiophosphoric Acid Synthesized from Dialkyldithiophosphoric Acids and Esters Maleic Acid. 


Dialkyldithio- point (in mm) found 


117-130 


1,2864 


11.98 
1.0816 
10.61 
10.81 
1.0182 12,05 
11.91 
| {i 8.62 
: | i 
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TABLE 


TABLE --(continued) 


0.05 


Mixed Esters Dithiophosphoric Acid Containing the Group 


Initial compound 


80-81 


-96 


Pressure 
(in 


0.15 
0.05 


0.05 


1.5040 


1.5070 


Compounds synthesized are given Table 


the corresponding alcohal [17]. 


EXPERIMENTAL 


1.0756 


1.1979 


analysis 


11.5 


12.85 


10.37 


12.08 


acids add with comparative ease aldehydes and ketones well. 


9.50 
8.38 
8.54 
8.57 


7.61 


7.50 
6.74 
6.69 


11.90 
11.28 
12.90 
13.00 

9.87 

9.88 
12.41 


The synthesis mixed dithiophosphoric acid esters was carried out practically all cases under the fol- 
lowing cenditions: mole dialkyldithiophosphoric acid was gradually added, with good stirring, 
mole The addition was carried out such rate that the temperature the reaction mixture did 
not exceed After having added all the dialkyldithiophosphoric acid, the reaction mixture was kept 
room temperature until there was further change the free acid content, deter- 


mined special titration tests with 0.1 sodium hydroxide Unreacted olefin was then distilled out the re- 
action mixture. and the residue fractionated vacuo. 


The initial dialkyldithiophosphoric acid was synthesized interaction phosphorous pentasulfide with 


SUMMARY 


The reaction dialkyldithiophosphoric acids with various unsaturated compounds has been studied. has 
been demonstrated that satisfactory yields mixed dithiophosphoric acid esters result interaction the 
pounds with dialkyldithiophosphoric acids, 
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EFFECTS THE NATURE AND POSITION SUBSTITUENTS PHENYL RADICALS 


UPON 5-MEMBERED HETEROCYCLE CLOSURE. XIX. 


One with Berdinsky. [1] has demonstrated, the case ring closure for benzyl and p-tolyl acid 
arylamides, that the structure the radicals the carbinol carbon atoms exerts profound effect upon the 
reaction Following the period elucidation the mechanism intramolecular condensations 
carboxylic acid arylamides [2], was then clarify these facts design further 
procedures. known, strain ring formation and distance between reactive terminal groups [3,4] has effect 
upon formation cyclic systems. forming rings the same type, our case 5-membered rings, the indi- 
cated factors are the same degree, and distinctions ease ring closure are thus caused other factors. 


For the present work compounds the type where 
starting materials. 


The rate which 5-membered heterocyclic closure took place the indicated compounds was determined 
according the following method: the optimun quentity concentrated sulfuric acid was added along the wall 
the test tube the solution (0.015 mole arylamide per liter glacial acetic acid) the given 
temperature. The reaction mass was kept the same temperature for minute water bath. Upon stirring, 
the coloration which appeared, depending upon the arylamide structure, disappeared after various time intervals. 
The appearance and disappearance times color were determined second-meter, and were the rate 
tor for ring closure (Table 1). 


TABLE 


Closure Rate for Heterocycles with Arylamides Acids 


Ring 
Formulas concentrated closure 
12.5 
Here and elsewhere the closure rate the heterocycle expressed relative numbers. The rate 
cyclic closure for arylamide No. equal 300 minutes, was taken unity. Optimal quantities sulfuric 
acid were used; they were determined for each arylamide, and represented the minimal amount for ensuring 
completeness conversion the arylamide into the heterocyclic compound. increase the quantity 
sulfuric acid decreases markedly the rate ring closure; two-fold increase the amount cuts down 
the condensation rate almost six-fold the experiment involving the 4,4' -dimethoxy- 
benzylic acid, increase quantity sulfuric acid decreased the ring closure rate almost 750-fold. 


can seen from Table that the closure rate for heterocycles fluctuates from 1800; 
and more, The highest rate closure takes place with arylamide result the electron-accepting 


action the atom, coupling :trons the benzene rings with carbonium carbon (1) and 
the degree electrophilic attack the latter that is, reflected extremely high reaction rate. 


| | 


With arylamides Nos. and containing halogen the p-position, the heterocycle closes slow rate. 
Under influence the carbon atom positive charge the electron-donating properties the halogens intensified 
and the decrease rate cyclic closure can explained the presence cation coupling with participation 
the halogen atoms The cyclization rate decreases upon introducing electron-donating substituents 
(arylamide No. into the p-position; even greater decrease takes place with arylamide No. This 
explained the presence cation coupling with participation oxygen atoms the methoxy group. With 
arylamide No. the heterocycle closes 150-fold more rapidly than its p-isomer (arylamide No. 4). When 
substituents are introduced into the o-position, planarity the cation disrupted and coupling the 
carbonium carbon with aryl radicals decreases which therefore leads considerable acceleration ring 
formation. 


can seen from the data given that ring closure rate determined both the nature the substituent 
groups and their position. interest compare the ease ring closure for all possible isomers 
arylamides with the same substituents the phenyl radicals the carbonyl carbon. With this object mind, 
the rate the heterocyclic for and ~dimethoxybenzylic acids was 
determined.. was found that the cyclic closure rate for the meta isomer 20° with was equal 
1200, and for the ortho-isomer with 1.5 and the para with 0,1 


3 ‘ ‘ \ 


Thus, from the point view substituent positions, the cyclic closure rate decreases the order 


With respect the theoretical relationship, was important study the possibility intramolecular 
ring closure for those arylamides which all four ortho-positions the phcnyl radicals the carbinol carbon 
are occupied substituents. For dimesitylglycolic acid was synthesized. 
attempt close the ring failed. Steric strongly exhibited for the cation the halochromic salt 
this arylamide, barring the possibility planar arrangement the mesityl radicals (Fig. 1). Because 
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this, radicals are arranged interperpendicular planes. Here the group (Fig. coming contact with the 
benzene ring bound with nitrogen (drawn broken line) mitigates against position favorable for closure 
5-membered planar ring. 


has been further established that with and acid, cyclic 
closure proceeds varied speed (Table 2). 


Closure Rates 5-Membered Heterocycles for and the central carbon atom becomes 
Acid. coordinated with the a-position 


the naphthyl radical, and with con- 
Formula densation B-position. But 
the a-position more nucleo- 
philic than the B-, the rate 
than (IV). condenses 
four times more rapidly than 
explainable lesser steric accessibility the a-position upon coordination with carbon atom con- 
taining two phenyl radicals. Similar cases are known [7] naphthaline reactions. One has shown that 
the 1-bromo-2-naphthalide benzylic acid forms product. connection with the fact 
was interest compare cyclic closure rates for and For this purpose, the 
p-tolylic acid was carried out according the scheme: 


The amide (VI) resulted the action ammonia upon the ethyl ester 1-bromo-2-naphthyloxamic acid 
(V), and upon hydrolysis, acid (VII) resulted. The 1-bromo-2-naphthalide p-tolylic 
acid (VIII) was synthesized interacting (V) with iodide. was found that the cyclic closure 
rate for (VIII) 20°, with 1.5 was equal 12, and for the B-naphthalide p-tolylic acid under 
the same Thus, condensation (VIII) and (IX) rates are almost the same despite the fact that 
steric hindrances occur with condensation The decreased rate 5-membered ring closure for 
condensation (VIIi) explained weakening the nucleophilic reaction center due manifestation 
electron-accepting action the part bromine. The effect nucleophilic reaction center upon the con- 
densation the m-anisidide p-tolylic acid has been described [1]. 


EXPERIMENTAL 


The anilide acid. (0.04 mole) oxanilic acid ethyl ester was added 
m-chlorophenylmagnesium iodide obtained from 42.5 (0.18 mole) m-chloroiodobenzene and 4.4 (0.18 
mole) magnesium 100 ether. The reaction mass was decomposed with acid. The 
ether layer was separated, and remove the solvent well volatile reaction pruducts, was with steam. 
oily liquid was left the distilling flask, which crystallized rapidly standing. Long, colorless needles 
(from toluene), with m.p. 170-171°. Insoluble water and gasoline; soluble, upon heating, benzene, 
acetone, toluene, acetic acid, and ether. Formed evanescent reddish-violet coloration with concertrated 
sulfuric acid. the substance was obtained the basis the ethyl ester oxanilic 


( \ 


acid taken for reaction). 


3.99, 3.76. Calculated 3.76. 


The anilide 4,4‘-dichlorobenzylic acid. Initial substances: 23.6 (0.1 
(0.0022 mole) oxanilic acid ester and (0.1 mole) 


After decomposition the reaction mixture. the crystalline mass was from ether layer. Upon 
crystallization from benzene platelets. m.p. 4.6 (55 theory). Soluble, upon 
heating, alcohol, benzene, acetic acid, acetone and ether; insoluble water and gasoline, Reddish-violet 
coloration with concentrated sulfuric acid, disappearing upon standing heating. 


The anilide acid. Taken for reaction were: 6.6 (0.034 mole) oxanilic acid 
ethyl ester, (0.15 mole) and 3.6 Thin needles (from benzene) with 
m.p. 192-194°. Insoluble water and gasoline; soluble alcohol, ether, benzene and toluene. Violet colora- 
tion with concentrated sulfuric acid, fading standing. Yield was 5.1 


a-Naphthalide Taken for reaction were: (0.025 mole) a-naph- 
thyloxamic acid ethyl ester, (0.13 mole) (0.13 mole) The product 
Crystallized platelets trom alcohol, m.p. Insoluble water, gasoline and readily- 
soluble acetic acid and benzene, coloration with concentrated sulfuric acid. 
(46.8 theory) was obtained. 


Found 3.66, 3.5. Calculated 3.37. 


The o-anisidide dimesitylglycolic acid. ether solution 5.9 (0.027 mole) 2-methoxyoxanilic 
acid ethyl ester was gradually added mesitylmagnesium bromide prepared (0.12 mole) 
itylene and 2.9 (0.125 mole} magnesium ether. The reaction mass was heated water bath 
The reaction, products crystallized slowly colorless platelets, m.p. 162-164° from gasoline. orange- 
red coloration formed with concentrated acid which did not even upon heating. Yield was 2.5 
(22% theary). 


Found 77.18; 7.65, 7.47; 3.05, 2.95. Active 2.2, 2.15. Calculated 


Attempt close the ring the o-anisidine dimesitylglycolic acid. concentrated sulfuric 
acid was added acetate solution 0.5 the o-anisidide dimesitylglycolic acid. The orange-yellow 
coloration did not even after hours heating boiling water bath. The product was isolated the 
usual procedure. Colorless platelets (from gasoline), m.p. the product taken for re- 
action, was obtained. identity this substance with the dimesitylglycolic acid was proved the 
mixed melting test. 


The amide acid. Ammonia was passed into solution 1-bromo- 
acid ethyl ester alcohol, with cooling. The resulting white precipitate was fil- 
tered off and dried Upon crystallizing from benzene —colorless needles with 1.75 was 
obtained alcohol, ether and gasoline; soluble with heating benzene and 
toluene. 


acid. acid ethyl ester was heated with 
250 0.5%sodium hydroxide The hot, transparent solution was acidified with concentrated hydrochloric 
acid and the resulting precipitate treated the usual procedures. Fine needles (from benzene), with m.p. 158- 
159° (with decomposition). 1.8 was obtained theory). alcohol; soluble benzene 
upon heating, gasoline, ether and 
According the data, p-chloroiodobenzene reacts with the iodine atom, which agreement with 
the data Michalescuand Garagea and which refutes the data Runge [10]. 


This substance, well its condensation product, has 
been synthesized Sannikova and Staroverova. 
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acid. Reaction was effected between 6.44 (0.02 mole) 
acid ethyl ester and 0.09 mole p-tolyl magnesium iodide. Crystallized from ben- 
zene colorless needles with m.p. Readily-soluble ether, toluene and acetic acid, somewhat less 
alcohol, poorly gasoline. With concentrated sulfuric acid, slowly gave fading colora- 
tion. The yield was 3.5 (38% 


Found 2,79, 3.09. Calculated 3.04, 


concentrated sulfuric acid. After decoloration, the reaction mass was poured into Thin needles (from 
glacial acetic acid) with Soluble alcohol, benzene, toluene and acetic acid; insoluble 
water and gasoline. Yield was theory). 


There was taken for reaction acid 
anilide concentrated sulfuric acid. Upon crystallization from 70% alcohol grouped clus- 
ters, with m.p. 186-187°. Readily-soluble alcohol, ether, benzene, and toluene; insoluble water 
and gasoline. Yield was 0.5 theory). 


3.96; 20.6. 354, 


acetic acid was condensed with concentrated sulfuric acid. fine crystalline powder (from dilute alcohol) 
with m.p. 198-200°. Readily-soluble alcohol and glacial acetic acid, toluene and 
gasoline. 0.9 was obtained theory). 


Found 3.38, 3.06. 432, 435.7 (in camphor). Calculated 3.16. 


acid glacial acetic acid and concentrated sulfuric acid. Soluble, 
upon heating, alcohol and gasoline, the cold benzene and glacial acetic acid. Crystallized from glac- 
ial acetic acid colorless platelets, was 0.6 theory). 


solution the 3,3-dimethoxybenzylic acid glacial acetic acid. Insoluble water, 
poorly alcohol; soluble acetic acid and toluene with heating Colorless, fine needles (from acetic acid) 
with 1.8 was obtained (62.7 


SUMMARY 


accordance with the mechanism intramolecular condensation hydroxycarboxylic acid aryl- 
amides, method, based upon the ability halochromic salts arylamides lose their coloration the re- 
sult intramolecular ring closure, has been used determine heterocyclic closure. 


has been established that the rate 5-membered ring closure for compounds the 
type determined both the nature the substituting groups and their position Ar‘. Electron-accepting 
constituents intensify the electrophilic nature the carbonium carbon.of the cation arylamide 
and accelerate ring closure; groups with converse action decrease the électrophilic nature the carbonium car- 
bon and decrease the reaction rate. From the point view substituent position, the rate ring closure takes 
the order: 


The effect steric hindrance upon ring closure has been studied, using asthe and 
dimesitylglycolic acid anilides. has also been determined this study that arylamides which all four ortho 
positions the phenyl radicals attached the carbon fail condensation reaction 
steric hindrance. 
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The rate 5-membered ring closure has been studied for the and B-naphthalides 
benzylic acid and also for and has been determined this case that the ring closes 
times more rapidly for the a-naphthalide 4,4'-dimethoxybenzylic acid than for the 8-isomer. With and 
the ring closes practically the same speed. explanation for these facts has been given. 


ther compounds not described the literature, have been synthesized and their properties studied. 


LITERATURE CITED 

[2] Petyunin, Gen. Chem, 22, 975 

[3] Mohr, prak. Chem. (2) 98, 315, 352 (1918). 

Helv. Chim. Acta, 449 (1926). 

[5) Petyunin and Berdinsky, Gen. Chem. 21, 1706 

Fieser and Fieser, Organic Chemistry, Literature Press, (1949). 
Petyunin, Gen. Chem. 21, 1856 

[9] Michailescu, St. Garagea. Chem. Zentr, 1930, 2248. 
Runge, Organomagnesium Compounds. Chem. Tech. Press (1937). 


Received November 1952 Pharmaceutical Institute 


See Consultants Bureau Translation, page 2063. 

1877. 
2055. 


RESEARCH THE FIELD QUINONES 


IV. METHOXYQUINONE THE INFLUENCE ACIDS 


method widely used for synthesizing various chloroquinones, consisting the treatment quinone with 
acid, followed subsequent oxidation the resulting addition product, which, one its tautomeric 
forms, represents the corresponding Thus, for example, the chloroquinone synthesized accord- 
ing such method, starting with However, this method unsuitable for the synthesis chloro- 
methoxyquinones [1], since the methoxyquinone, the presence acids, among them hydrochloric, forms con- 
densation product two molecules, which separates the form violet-blue needle crystals. 


Experiments the author4 have demonstrated that this blue substance can obtained quantitative 
yield very smoothly from the methoxyquinone addition hydrochloric sulfuric acid dilute aqueous 
acetate solution the methoxyquinone. 


Erdtman assumed that the blue substance forms result the condensation two molecules 
methoxyquinone (I) methoxyquinone and methoxyhydroquinone, with the appearance diphenyl bond 
the p-position the methoxyl groups, and represents the intramolecular quinhydrone Indeed, upon re- 
duction the blue substance, leuco compound was obtained, from which, after demethylation, there resulted 
the already described Heuce follows that the indicated leuco compound 
represents and that the resulting 
from moderate oxidation has the structure However, upon treating the leuco compound the 
blue substance with strong oxidants, for example with chromic acid, there results yellow dimethoxydiquinone 
(IV). 


3 
CH,O CH,O 
(Iv) 


Acid condensation methoxyquinone specific for this compound and the effect the 
methoxy group. Under analogous conditions such reaction does not with either p-benzoquinone 
its derivatives which contain other substituents. 


unsymmetrical derivatives diphenyl, through the condensation methoxyquinone with phenols. However, ex- 


periments have not confirmed this assumption. Upon adding hydrochloric acid dilute acetate solution methoxy- 
quinone with phenol, guaicol hydroquinone, equimolecular mixture, pure precipitate the blue intramolecu- 


lar quinhydrone (if) resulted all cases, amounts corresponding the weighed methoxyquinone used 
the reaction. This condensation proceeded only slightly more rapidly the presence hydroquinone. follows 


from the given experiments that the condensation question specific for methoxyquinone, and conditioned 
the combined effect the methoxyl group and quinoid group. 


The author’s investigation has demonstrated, however, that the interaction methoxyquinone with hydro- 
chloric acid not limited formation the blue substance Along with it, some colorless substance also 
formed, which, distinction compound dissolves acetic acid and separating from these solvents 
upon crystallization, fine, white, needle crystals, melting sharply This new substance contained 
chlorine. The author observed that the quantity colorless chlorine-containing compounds increased both with 
increased treatment time the methoxyquinone with hydrochloric acid, and with increased hydrochloric acid con- 
centration; the same time, the quantity blue substance decreased accordingly. Under the determined 
conditions the chloroderivative resulted the principal reaction product. follows from these observations that 
this colorless substance forms not result direct interaction hydrochloric acid with methoxyquinone, but 
rather represents interaction product between hydrochloric acid and the intermediate-forming blue compound 
fact, upon shaking suspension the earlier prepared and crystallized compound (iI) with concentrated 
sulfuric acid, the blue crystalline precipitate gradually transformed into colorless crystals, which, after purifica- 
tion, melted Such transformation proceeds much more rapidly and quantitatively upon adding con- 
centrated hydrochloric acid boiling suspension the blue compound acetic acid. 


was most logical assume that the chloroderivative obtained the authors forms the result hydro- 
gen chioride addition intramolecular quinhydrone the expense its quinoid radical, and that represents 
(V). However 


Quantitative acetylation pyridine solution 
has shown that two and not four hydroxy are present. the tetrahydroxydiphenyl derivative (V), indeed 


possible close the furane ring the expense two hydroxy groups the the diphenyl bond, with 
formation the derivative containing only two hydroxy groups. 


was necessary ascertain the structure the chloroderivative obtained the authors which melted 


230-231°. analytical determinations have indicated, the acetyl derivative obtained from possessed cyclic 
oxide structure 


However, cyclic oxide for the acetyl derivative does not suffice complete proof identity 

structure the non-acetylated substance, since furane ring closure could occur during the acetylating pro- 
cess. The possibility occurrence was rejected the authors the basis the following experiments. 
The authors carried out acetylation pyridine solution. 


Thereupon, the acetylation all four groups proceeded quantitatively, with formationof the tetra- 
acetyl derivative. 


This experiment demonstrated that tetrahydroxyderivatives the diphenyl type and this also 


belongs the substance structure not convert the diphenyloxide derivatives with water evolution, 
upon treatment with acetic anhydride 


solution, but instead form derivatives. 


The possibility came mind that this reaction ability methoxyquinone might used for deriving various 


follows from what has been stated above that the colarless obtained interaction the 
blue quinhydrone with hydrdchloric acid contains the oxide ring and has the structure (Vi) even before the acet- 
ylation. Direct and final proof this fact was given determination active hydrogen 
Chugaev), which the presence only two hydroxyl groups the given compound. Confirmation such 
structure can seen from the fact that the given substance also gave stable alkaline solution, from which, upon 

acidification, the substance was isolated unchanged form. the same time, all compounds the type struc- 
ture, i.e. containing two hydroquinone groupings, oxidize readily. 


Thus, the authors’ investigation has indicated that upon the blue quinhydrone with 
acid, along with hydrogen chloride addition the quinoid ring, there also proceeds closure the oxide 
ring the intermediate diphenyl derivative [V] under the effect acid, with formation the 
5'-dihyroxy-4,4'-dimethoxy oxide diphenyl (Vi) the final product. 


During the progress these works, the decided study also interaction the corresponding 
quinone (VI) with hydrochloric The authors surmised that two hydrogen chloride molecules could added 
this compound containing two groupings, and that oxide ring would possible for the inter- 
dimethoxyoxide diphenyl (IX). 


The experiments confirmed our assumptions. Upon addition concentrated acid boiling 
solution dimethoxydiquinone (TV) acetic acid, precipitate resulted from the solution, which, after 
crystallization, melted The acetyl derivative crystallized the form colorless needles, melting 


Determination chlorine, methoxyl and hydroxyl groups confirmed that the substance obtained from 
dimethoxydiquinone has only two hydroxy groups and the structure 


Erdtman [2] has also studied the interaction dimethoxyquinone with hydrochloric acid. However, 
limited himself passage hydrogen chloride through solution chloroform, and 
obtained addition product two hydrogen molecules the dimethoxydiquinone molecule. 
did not isolate this product the state, since proved that attempts crystallize re- 
sulted decomposition the original materials. This product also decomposed upon keating with acetic 
hydride However, during this operation, there was, nonetheless, small yield new substance melting 253°, 
which Erdtman hypothetically attributed the structure basis the authors’ investigations, such 
structure can accepted accurate, and the formation such product can understood, since upon heating 
with acetic anhydride the presence chloride (resulting from decomposition amounts 
addition products), there should take place both formation the diphenyl derivative and closure the 
furane ring, with conversion derivatives diphenyl oxide (IX); the latter acetylates form the deri- 
vative. The diphenyl oxide derivative (IX) results almost quantitative yield upon shaking dimethoxydiquin- 
one (IV) acetate suspension with concentrated hydrochloric acid. The precipitate was first yellow, acquir- 
ing green shade, and then through blue colorless. distinction the addition product described Erdtman, 
the resulting substance did not decompose upon heating, and crystallized from acetic acid form colorless 


This investigation which the main purpose was study methoxyquinone transformations the pre- 
sence acid, was also interest the authors for another reason, ramely that the authors were 
able carry out specific comparisons these conversions with acid conversions observed the authors for 
Under effect the latter, fuchsone derivatives containing methoxyl converted, the 
presence hydrochloric acid into the corresponding fluotene derivatives; here the aromatic radicals added 
the p-positions the methoxyl groups. Thus, the derivatives resulted from [3]. 


For large number quinones, the methoxyl groups impart such compounds containing them distinctive 
properties. particular there the ability methoxyquinone form, the presence acids, pro= 
ducts two molecules with compound containing aromatic nuclei the p-positions the methoxyl groups. 
comparison this reaction with the above-described reaction methoxyfuchsone acid conversions has indicated 
that both reactions are relative and are conditioned the peculjar effect methoxyl groups 


EXPERIMENTAL 


Synthesis condensation products with diphenyl structure Intramolecular quinhy- 
drone methoxyquinone was dissolved with heating 100 glacial acetic acid and the resulting 


solution poured into liters 1%hydrochloric blue precipitate gradually form from 
After standing for hours, the resulting precipitate was filtered off, washed with water and dried. The yield 
was 9.5 95%of theory. The resulting precipitate melted 230° and after recrystallization from pyridine, melted 
This compound was almost insoluble water and alcohol, and very poorly soluble acetic acid. 


the blue intramolecular quinhydrone was intro- 
duced into acetic acid, and the suspension was added zinc dust, and the mixture heated complete 
dissolution the blue precipitate, and decoloration the solution. The latter was filrered and the filtrate added 
water containing several drops sodium bisulfate. The resulting precipitate was filtered and crystallized 
from dilute alcohol. The substance obtained was the form colorless crystals melting 210° with decomposition. 
The yield was 1.8 60%of theory. 


Upon heating with pyridine mixed with anhydride, the derivative was obtained, 
which, after crystallization from melted 


Qualitative acetylation gave the following results: substance: Found 


Dimethoxydiquinone (IV). the blue intramolecular quinhydrone was ground finely mortar, and 
then 300 water was introduced. containing chromic acid. The resulting suspension was shaken the 
point that the blue residue was completely converted The resulting precipitate was filtered 
washed with water and dried. The yield was quantitative. The reaction product melted After 
crystallization from acetic acid, resulted yellow needles with m.p. 


diphenyl One gram methoxyquinone was dis- 


solved acetic acid and the resulting solution concentrated hydrochloric acid was added, 

colorless product precipitated out slowly crystalline form. After holding for hours, the resulting mixture 
was poured into 100 water, the precipitate formed filtered off, washed with water and dried. The yield was 


centrated hydrochloric acid, and the mixture heated with stirting boiling water bath. preci- 
was already decolorized, acquiring light-gray color. The suspension formed was poured into 150 
hot water and after cooling the precipitate was filtered off, washed and dried. The yield was 
theory. 


The substance obtained this manner melted After crystallization from acetic acid, color- 
less needles resulted, with m.p, 


The substance was poorly soluble water, moderately alcohol and glacial acetic acid; soluble 
aqueous alkali, forming stable solution, upon acidification which there separated out the unchanged product, 
Melted 230-231°. formed the acetyl derivative upon heating with pyridine and acetic anhydride mixture, 
which, after crystallization from acetic acid, melted 


The non-acetylated substance. 


The acetyl 


0.1271, substance: 0.1588, Agl. Found 16. 73. 
Calculated 


duced into glacial acetic acid, and the boiling suspension concentrated hydrochloric acid was 
added, after which all the mixture was brought boiling. Thereupon light-gray reaction product separated. 
100 hot water was added and after cooling was filtered, washed with water and dried. The yield was 4.8 
85% theory. product melted After crystallization from acetic acid 
needles with m.p. 235 


The substance was poorly soluble water. crystallized from alcohol and acetic acid. was soluble 
alkali. Upon acidification the alkaline solution, separated unaltered form. Melting point 235 -236° 
formed the derivative upon heating with pyridine and acetic anhydride mixture, which, after recrystal- 
lization from acetic acid resulted colorless needles, m.p. 


Non-acetylated substance, 


0.1194, substance: 0.1054, 0.1296 AgCl. Found 10,45, 10.1, 10.5; 


The acetyl 


SUMMARY 


The methoxyquinone, contrast other quinones, forms condensation product two molecules under 
the influence mineral acids, with appearance the diphenyl bond the p-position the methoxyl groups. 
This compound blue color, and found the intramolecular quinhydrone, which, upon reduction, con- 
verts colorless diphenyl, and upon oxidation, the yellow dimethoxy- 
diquinone. 


Upon interacting methoxyquinone with concentrated hydrochloric acid, the reaction not limited 
formation the blue intramolecular quinhydrone, the latter molecule hydrogen chloride added 
the expense the quinoid group, and with the furane 
ring closed under the influence hydrochloric acid, with water evolution and formation the corresponding 
colorless diphenyl oxide derivative, m.p. 230-231° (diacetyl derivative, m.p. 


analogous fashion, upon treating dimethoxydiquinone with hydrochloric acid, two hydrogen chloride 
molecules add the former, with intermediate formation 
diphenyl, under which reaction conditions closure the furane ring with conversion the corresponding 
dichloroderivative diphenyloxide with (diacetyl derivative, m.p. 
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THERMAL DECOMPOSITION BENZOYL PEROXIDE CARBON 


TETRACHLORIDE-METHYL ALCOHOL 


Carbon tetrachloride, previously considered almost inactive compound, has been found capable adding 
olefins peroxides and light [1]. has been considered usually that the action ultraviolet 
light and benzoyl peroxide acetyl peroxide produces analogous reactions. However, Borisov has been able 
demonstrate that carbon tetrachloride and diphenylmercury reactions take different course action under the 
influence acetyl peroxide compared with the samereaction proceeding under the influence ultraviolet light. 
the first case benzotrichloride formed, i.e., the phenyl radical with the occurs, and 
the second case just dimerization, leading hexachloroethane. 


The authors have indicated different direction for the reaction tetrachloride with alcohols under 
the influence temperature and ultraviofet light [3]. Upon heating carbon tetrachloride with methyl alcohol 
there proceeds formation chloroform, formaldehyde and HCl, but under the influence ultraviolet 


was interest clarify whether not benzoyl peroxide will initiate reaction carbon tetrachloride 
with alcohols, and this reaction goes. whether will follow the direction thermal reaction 
With thermal decomposition benzoyl peroxide carbon and methyl alcohol mixture, the following 
can hypothesized. 


Benzoyl peroxide will react only with carbon tetrachloride: 
Benzoyl peroxide will react only with methyl alcohol, 


Benzoyl peroxide will initiate reaction between carbon tetrachloride and methyl alcohol, indicated 
above 


has been found that benzoyl peroxide reaction with alcohols almost non-existant the literature: the 
decomposition kinetics benz oyl peroxide without the evolution reaction product [4] has been studied, 
and only the peroxide with isobutyl alcohol has been studied some detail [5]. 


The authors therefore, set experiments the decomposition benzoyl peroxide methyl alcohol over 
wide temperature range (from 150°), and have determined that reaction proceeds with formation chiefly 
benzoic acid, methylbenzoate and formaldehyde [2]. Reaction (3) give benzene and proceeded, but 
lesser 


carrying out experiments initiation the carbon tetrachloride and methyl alcohol reaction benzoyl 
peroxide, there resulted chloroform hexachloroethane, formaldehyde, HCl, benzoic acid, methylbenzoate, phthalic 
acid and 


The formation hexachloroethane and phthalic acid attested the fact that benzoyl peroxide reacts with 
carbon tetrachloride. 


Isolation benzoic acid, methyl benzoate and formaldehyde indicated the benzoyl peroxide reacted 
with methyl alcohol, 


may said, however, that benzoyl initiated the reaction between tetrachloride and 
methyl alcohol, which indicated evolution HCl and separation cam seen definitely, 
therefore, that the reaction, some degree, proceeds according equation (4): 


EXPERIMENTAL 


Thermal decomposition benzoyl Heating the components was car- 
ried out both flask with and sealed tubes temperatures. 


ml) methyl and benzoyl peroxide were heated for hours with reflux 
condenser. The carbon dioxide evolved was absorbed traps with 40% potassium hydroxide solution. 0.72 
carbon dioxide was evolved (0.40 mole for mole the peroxide decomposed). The reaction mixture was dis- 
tilled, and the fraction distilled off diluted with The small amount benzene that separated was extracted 
with carbon and nitrated. resulted, with m.p. 90°% mixed sample with known 
dinitrobenzene did not give m-dinitrobenzene was obtained, which corresponded 0.05 
benzene, 0.01 mole for mole peroxide decomposed. Formaldehyde content was determined the 
alcoholic solution precipitation the dimedonic derivative; 0.005 formaldehyde was found, 0.004 mole 
for mole peroxide. The dimedonic derivative formaldehyde melted 187°; mixed sample with known 
sample dimedonic derivative did not give depression. Benzoic acid was determined 5.84 was 
obtained. 1.16 mole for mole the peroxide decomposed. portion the benzoic acid converted into the 
methyl ester under the experimental conditions. determine the total amount benzoic acid, saponification 
was carried out separate sample, which gave ester content 3.15 0.56 mole for mole peroxide, 
Thus, the total quantity benzoic acid constituted 1.72 mole for mole peroxide decomposed. Benzoic acid 
melted mixed sample with pure benzoic acid did not give depression. 


weighed portion benzoyl peroxide was heated sealed tube with methyl alcohol (20 ml) 
120-150° for hours. Benzoic acid determination was carried out titration. 1.64 free benzoic acid 
obtained (1.07 mole for mole peroxide Determination methylbenzoate was carried out 
saponification. resulted mole for mole peroxide decomposed). The total 
quantity benzoic acid was (1.58 mole for mole peroxide), m.p. sample mixed with known 
benzoic acid did not show depression. 


After distilling off the methyl alcohol, benzene was extracted from the distilled fraction, and carbon 
tetrachloride after dilution with water. m-Dinitrobenzene resulted from nitration, with sample 
mixed with known m-dinitrobenzene did not depression. 0.095 m-dinitrobenzene was found, which 
corresponded 0.044 benzene 0.04 mole for mole peroxide decomposed. Formaldehyde was deter- 
mined the aqueous-alcoholic solution piecipitation the dimedonic derivative; 0.005 0.01 mole for 
mole peroxide was found. The resulting product melted 187°; sample mixed with known dimedonic der- 
did not show depression. 


Thermal benzoyl peroxide carbon tetrachloride-methyl alcohol mixture. Reac- 
tion was carried out round-bottomed flask with ground-glass reflux condenser. The reaction mixture was heated 
water bath for hours. each experiment benzoyl peroxide was decomposed equimolecular 
amounts carbon tetrachloride (154 g), and methyl alcohol (32 g). Long beforetermination heating, the re- 
action mixture separated into two layers: aqueous, and Gases formed during the 
reaction were absorbed traps, 40% KOH solution. The hydrochloric acid traps 0.09 mole 
for mole peroxide was determined. The quantity (0.83 mole 
for mole peroxide decomposed) determined difference. 


The non-aqueous layer was washed with distilled water remove methyl alcohol and other water-soluble 
substances, the wash waters being added the aqueous layer and the volume the mixture measured. The 
per aqueous layer had acid reaction, the layer neutral reaction. 


The aqueous layer contained formaldehyde, methylal and hydrochloric acid. The formaldehyde was 
determined precipitation the dimedonic derivative (0.07 mole for mole peroxide decomposed). 
The quantity formaldehyde the free state, and the total quantity formaldehyde were determined. For 


determination the total quantity formaldehyde, the methylal the aqueous layer was split, 

heating the latter dilute hydrochloric acid with reflux, methylal was found (0.03 mole mole 
peroxide decomposed), The dimedonic derivative formaldehyde melted the sample mixed with known 
sample the dimedonic derivative did not show depression. The quantity acid the aqueous layer 

was mole for mole the peroxide decomposed) titration. 


The non-aqueous layer contained carbon tetrachloride, formaldesyde, methylal, hexachloroethane, 
benzoic acid, methylbenzoate and phthalic acid. methylal into alcohol and formaldehyde, the non-aqueous 
layer was heated with dilute hydrochloric acid reflux. 3,71 0.24 mole for mole peroxide 
decomposed, was found, Formaldehyde was determined the water-acid solution, after rupture the methylal, 
precipitation the dimedonic derivative. 1.48 0.24 mole for mole the peroxide decomposed. 


Chloroform was quantitatively determined heating with aniline and alkali [6]. 2.46 chloroform resulted, 
0.09 mole for mole peroxide decomposed, After off the carbon and chloroform, the re- 
sidue was alkalized and steam distilled. From non-aqueous distillate layer carbon tetrachloride, there 
was isolated methylbenzoate and hexachloroethane, The non-aqueous layer was fractionated. After distilling off 
the fraction with b.p. was isolated from the residue with 186-187% sample mixed 
with hexachloroethane did not show 


Methylbenzoate contained the filtrate after separation was saponified benzoic acid. 
2.92 (0.1 mole for mole peroxide decomposed) was found. Hexachloroethane was isolated from the alkaline- 
alcoholic solution after saponification the methylbenzoate, and was added that made earlier the corres- 
ponding experiment. The total quantity was 4.30 (0.09 mole for mole the peroxide de- 
composed). 


Benzoic acid was isolated acidification the alkaline-alcoholic solution, and the hexachloroethane 
separated melted the mixed sample did not show depression. 


After termination the steam distillation, the solution the flask there was isolated 
amount resin, after which the solution waz acidified with dilute acid. benzoic 
and phthalic acids was isolated. Benzoic acid isolated from mixture melted mixed sample with pure 
benzoic acid did not show depression. acid was identified the fluorescein reaction with 
Benzoic and phthalic acids were determined 22.65 (0.9 mole for mole decomposed) 
benzoic acid and (0.03 mole for mole decomposed) were found, 


Upon heating with aicohol, benzoyl with formation benzoic acid, formaldehyde, 
benzene and carbon dioxide. 


there proceeds reaction the latter with both components. reaction between carbon tetrachloride and 
methyl alcohol initiated the peroxide, with chloroform, formaldehyde and The direction 
the initiated reaction corresponds the thermal between methyl alcohol and carbon tetrachloride. 


Urry, Chem. 69, 1100 (1947), 


Borisov, Acad, Sci. USSR, Div. Chem. 524 (1951), 

[3] Razuvaev and Vasilevsky, Acad. Sci. USSR, 80, (1951). 

[4] Bartlett, Nozaki, Chem. Soc., 69, 2299 
Gelissen, Hermans, Ber., 765 (1925). 

Hanna, Sidney, Siggia, Anal, 22, 569 (1950). 
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THERMAL DECOMPOSITION BENZOYL PEROXIDE SOLVENT MIXTURES: 


BENZENE AND NITROBENZENE AND NITROBENZENE AND CAREON TETRACHLORIDE 


quite use benzoyl peroxide for investigation free radical reactions the liquid phase, 
which, known from the works Medvedev and co-workers, decomposes into the and 
radicals There has appeared lately number works devoted reactions benzoyl peroxide. appeared 
interest the authors carry out investigation the peroxide decomposition mixture two different 
order determine: whether interaction peroxide will occur with both components the mixture, 
only one, and whether the secondary radicals forming from the solvents will react with one Insofar 
the authors are aware, there practically such type work found the literature. For this purpose have 
investigated two systems: benzene and nitrobenzene, and nitrobenzene and carbon tetrachloride. known 
that when benzoyl peroxide heated benzene, reaction occurs, which expressed the following summary 
equation: 


and upon decomposition nitrobenzene 


There indication [4] that the latter case smail amounts diphenyl are obtained. Formation the lat- 
ter may explained reaction benzoyl peroxide with benzene, which appears the reaction mixture the 
nature side product the peroxide. During the reaction course benzene and nitrophenol mixture, which were 


taken 1:1 mole ratio, the following products resulted: benzoic acid, diphenyl and nitrodiphenyls. Thus, 


can seen that interaction benzoyl peroxide with benzene and nitrobenzene proceeded simultaneously. From 


the mole ratio diphenyl nitrodiphenyls can seen that the peroxide reacted more readily with benzene. 


The second question interaction secondary free radicals with one another occurred 
answered with the given system, since the final products would the same second system 
might give answer this problem. When benzoyl peroxide interacts with carbon tetrachloride [5], the 
ing reaction proceeds: 


(4) 


Moreover, hexachloroethane results the result dimerization The authors obtained 
the following reaction products: HCl, chlorobenzene, hexachloroethane, nitrediphenyl, benzoic acid, phthalic 
acid and also Hence, the benzoyl peroxide reacted simultaneously with both components the mixture. 
From the mole ratio chlorobenzene (31:6) can seen that the peroxide reacted preferably 
with carbon tetrachloride rather than with the nitrobenzene. 


With free and radicals the their combination with one another form 
could expected. 


However, the authors were unable find the indicated compound among the reaction products. 


EXPERIMENTAL 
Thermal decomposition benzoyl peroxide benzene and nitrobenzene mixture, The reaction 
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was introduced into round-bottomed flask equipped with reflux condenser and heated water bath. 
each experiment benzoyl peroxide was decomposed with quantities benzene (78 and 
nitrobenzene (123 g). The carbon dioxide farmed during reaction was absorbed traps containing 40% KOH solu- 
tion. CO, was found, 1.48 mole for mole the peroxide decomposed. Sodium hydroxide solution 
was added the reaction (dark-brown solution) weak alkaline reaction, and the was distilled 
with superheated steam. the first few liters distillate, mixture benzene and nitrobenzene was collected; 
subsequent liters The berzene-nitsobenzene mixture the distillate) was fractionated and 
the benzene fraction separated from the nitrobenzene fraction. The nitrobenzene fraction contained for 
the isolation which the method nitrobenzene reduction aniline and [4] was used. The diphenyl 
isolated this procedure the amount 3.06 mole for mole peroxide decomposed), after 
tallization from alcohol, melted mixed sample with diphenyl melting 69°. The nitrodiphenyl 
distilled with steam, the amount 2.93 0.07 mole for mole peroxide decomposed, melted 102-103° 
before 4-Nitrodiphenyl with 113° was isolated recrystallization from methyl 
sample mixed with pure 4-nitrodiphenyl did not show The residue, after distillation with steam, was 
acidified with dilute sulfuric acid, the resulting precipitate separated from the solution, dried and sublimed. The 
sublimed benzoic acid had m.p. 121-121.5°, sample mixed with pure benzoic acid not giving de- 
pression. Upon distilling the products steam there remained each time the distilling flask resin 


(8.41 


Il. Thermal decomposition benzoyl peroxide nitrobenzene and carbon tetrachloride mixture. Experi- 
ments were out analogously the preceding ones. one experiment, benzoyl peroxide was decom- 
posed with equimolecular quantities carbon tetrachloride (154 and nitrobenzene (123 g). The decomposition 
products (dark brown solution) were alkalized and distilled with superheated steam. From the first few liters 
distillate non-aqueous layer separated, consisting carbon tetrachloride, chlorobenzene and nitrobenzene mix- 
and from subsequent liters The carbon tetrachloride, chlorobenzene and nitrobenzene mix- 
ture was fractionated, and the carbon tetrachloride, chlorobenzene and nitrobenzene fractions were separated from 
one another, Upon fractionation these fractions, small amount hexachloroethane with m.p. 186° was 
lated; sample mixed with known hexachloroethane did not show depression. 


Chlorobenzene the amount 7.82 0.31 mole for mole peroxide decomposed, was identified 
conversion into p-nitrochlorobenzene nitration the fraction. p-Nitrochlorobenzene recrystallized 
from methyl alcohol melted 82°; sample mixed with known p-nitrochlorobenzene did not give depression. 


From the reaction products, steam distillation, nitrodiphenyl the amount 2.42 0.06 
mole for mole peroxide decomposed, was isolated. 4-Nitrodiphenyl, with m.p. resulted recrystal- 
lization from methyl alcohol, mixed sample with known not showing depression. 


The alkaline dark-brown solution the distilling flask after completion the steam distillation was sep- 
arated from the resin formed and acidified with dilute acid. The resulting precipitate was purified second 
time alkali and precipitation acid. The resulting mixture benzoic and phthalic acids was sep- 
recrystallization. 21.12 0.84 mole for mole peroxide decomposed, benzoic acid was found, 
amd 2.30 acid, 0.07 mole for mole peroxide decomposed. o-Phthalic acid was qualitatively 
identified the fluorescein reaction. Benzoic acid was purified sublimation, and melted sample 
mixed with known benzoic acid did not evidence depression. Nitrobenzoic acids were not found. 


Gases formed the reaction were absorbed the traps 40% KOH solution. The HCl content the traps 
was 6.68 0.88 mole for mole peroxide, determined quantitatively the gravimetric procedure. The 
quantity was difference; 8.8 0.94 mole for mole peroxide decomposed, was found. 


SUMMARY 


has been demonstrated that the phenyl radicals formed upon thermal decomposition benzoyl peroxide 
benzene-nitrobenzene mixture react with both benzene and nitrobenzene. the ratio diphenyl and nitro- 
diphenyl formed. can seen that the phenyl radicals preferentially react with benzene, rather than with nitrobenzene. 


has been demonstrated that the phenyl radicals formed upon thermal decomposition benzoyl peroxide 
carbon tetrachloride-nitrobenzene mixture react with both the components the mixture. From the 
zene amd formed, may judged that the radicals preferentially react with carbon tetrachloride 
rather than with nitrobenzene, 
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RING OPENING ALIPHATIC DICARBOXYLIC ACIDS AND AMINES 


Some have already reported [1] that upon interacting with aliphatic dicarboxylic acids, 
there occurs ring opening, with formation dicarboxylic acids the 
type. The calcium and silver these acids already been described the authors, 


Since directions the literature [2] indicated the rupturing the lactamic bond 
tam amines, the authors made attempt obtain interaction products with aniline, hexa- 
methylenediamine and ethylenediamine. The corresponding mondamino and diamino derivatives were formed 
coupling aniline and with ¢-caprolactam equimolecular ratios, interaction ethylene- 
diamine with €-caprolactam the same ratio led formation the imidazole derivative. 


Those indicated amines which were readily soluble water, alcohol and ether, failed separate crys- 
talline form from the reaction mass, 


Since was shown that the benzoyl derivatives these crystallize well from alcohol-ether solu- 
tions, the authors isolated their benzoyl derivatives. Some the products were also obtained the form pic- 
rates and oxalates. was proved experiments that the polymerization-condensation processes taking 
place €-caprolactam into the polymer [1], interaction terminal carboxyl and amino groups 
the polymer participate, despite the polycondensation reaction, 


also follows from the above-stated that along with the already known methods imidazole 
derivatives [3], the latter can obtained interaction ethylenediamine with 


EXPERIMENTAL 


Synthesis 5-dihydroimidazole, conjugation product ethylenediamine with 
tube for hours 200° oil bath. The ampoule was then onened and the reaction mass heated for another 
hour under vacuum mm) Thus, about melt was prepared. The benzoyl derivative the conju- 
gated product was obtained follows: the melt was dissolved 100 water; 
hydroxide solution and benzoyl chloride were added, The mixture was shaken minutes, and the white, 
flaky precipitate formed was filtered off and recrystallized from ic-ether solution, 


The benzoyl derivative dissolved readily alcohol. poorly water and ether, and had m.p. 


The picrate the conjugation product was obtained from both alcoholic and aqueous solutions, Its melting 
point was 190- (with decomposition). 


The picrate the conjugation product was isolated from alcoholic solution. Upon recrystallizing from 
alcoholic-aqueous solution, needle crystals, with decomposition) precipitated. 


The amount water crystallization the salt was determined the product 160°to 
constant weight (about hour). 


Thus, the oxalate the conjugation product contained moles oxalic acid moles water, 


The analyses given above indicated, accordingly, that the conjugation product ethylenediamine and 
caprolactam represented €-aminopentyl)~4, 


Synthesis and €-aminocapronic acid, conjugation product hexamethylene- 
diamine with The given conjugation product and its benzoyl derivative was synthesized exactly 
the same manner the ethylenediamine derivatives descrihed above. The benzoyl derivative the conjugation 
product had m.p. 118°, soluble alcohol, insoluble water and ether. 


Thus, the conjugation product hexamethylenediamine and satisfies the formula for the 


the N-phenylamide €-aminocapronic acid, conjugation product aniline with 
The benzoyl derivative alcohol and ether and did not dissolve water; was therefore recrystallized from 
water-alcohol solution, The benzoyl derivative had m.p. 102-103°. 


The conjugation product aniline with €-caprolactam was therefore found the N-phenylamide 
aminocapronic acid 


The interaction products aniline, hexamethylenediamine and ethylenediamine with and 
their benzoyl derivatives, have been synthesized. Some these products have also been isolated the form pic- 
rates and oxalates. 


has been demonstrated that imidazole derivatives are formed upon interaction ethylenediamine with 
€-caprolactam. 


Concepts about the character the reactions which take place during the polymerization-condensation 
processes involving into the polymer have been given. 
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THE SYNTHESIS AND CATALYTIC CONVERSION 


OVER ALUMINOSILICATE CATALYST 


the works published earlier the authors [1,2], data are given concerning catalytic conversions over 
aluminosilicate catalyst mixed sulfides possessing various structures. Upon the contact mixed sulfides con- 
taining various radicals with catalyst 300°, rupture one the bonds binding sulfur radicals occurs, and the 
place rupture depends upon the nature the radicals. has been determined that the bond between the arom- 
atic ring and sulfur most stable, and event does rupture; however, the bond between sulfur and the 
naphthene ring the least stable, and easily ruptured. was interest study the behavior those mixed 
sulfides which sulfur bound one its valences radical composed condensed system aromatic 
and naphthene rings, which are attwo extremes with each other relative stability the carbon sulfur bond. 
Tetralin. composed benzene and cyclohexane rings, such condensed system. 


The purpose our work was elucidate whether the hexamethylene ring condensed with the aromatic 
will effect rupture the bond between sulfur and the radicals upon contact 
mixed sulfides the structure (a) with aluminosilicate, and whether this case 
the stability the bond between sulfur and the aromatic ring will maintained, 
whether new mechanisms will appear the tetralin (a) 


Synthesized sulfur compounds were passed over aluminosilicate catalyst 
300° under identical conditions. with aluminosilicate, there were isolated tetralin 
(34% the catalyzate weight), naphthalene (28%. initial (7%. 21% the sulfur contained 
the original thiol was trapped hydrogen sulfide. small amount elementary sulfur was contained the cat- 
alyzate, found shaking sample catalyzate with metallic mercury. the basis these data, the pro- 
cesses taking place when catalyzed can expressed the following schemes: 


Secondary process (2) 


result destructive hydrogenation, B-thiotetralol converts tetralin and hydrogen sulfide similar 
reaction also occurs with thiophenols Then, result dehydrogenation tetralin, naphthalene forms. 
the present time, dehydrogenation the hexamethylene ring sulfur compounds under catalytic conditions 
has not been observed the authors. According the literature data more probable seems the pro- 
cess isomerization the hexamethylene ring into with formation and 
methylhydroindene mixture. However, thé catalyzate did not contain fractions which corresponded constants 
the isomeric liquid methylhydroindenes. verify the possibility dehydrogenating tetralin, the latter was 
passed over aluminosilicate catalyst under conditions contact with the sulfur compounds. The catalyzate con- 
tained only 1.4 naphthalene, the rest tetralin; while naphthalene the amount the catalyzate 
weight was isolated catalysis Such difference the amount naphthalene can 
the fact that dehydrogenation tetralin proceeds not under the influence aluminosilicate alone, 
but addition the elementary sulfur appears dehydrogenating agent. verify this assumption, tetralin 
was passed over aluminosilicate with sulfur compounds and simultaneously nitrogen and hydrogen sulfide. (The 
latter decomposed under the influence aluminosilicate, form hydrogen and sulfur, the presence which 
were proved both the catalyzate and used catalyst.) The quantity naphthalene the catalyzate increased 
from 4.6 This proved the possibility dehydrogenation tetralin, but the process proceeded only 


very small extent. The considerably greater quantity naphthalene obtained the catalyzate upon con- 
tact B-thiotetralol might possibly explained the fact that the tetralin molecule its moment form- 
ation from can more readily undergo dehydrogenation than the already molecule. 


Dehydrogenation tetralin under the influence sulfur has described the literature 
the process, which non-catalytic, the hydrogen evolved combines with sulfur give hydrogen sulfide. The 
possibility this process the case confirmed the absence hydrogen the gas evolving upon 


catalysis upon catalytic dehydrogenation tetralin, the gas evolved should have contained 
hydrogen. 


Somehow other,, new phenomenon has been observed dehydrogenation the hexamethylene 
ring tetralin with formation naphthalene upon passage over aluminosilicate. 


From the catalyzate obtained, there were separated from (27 the 
catalyzate weight), nonene-1 (16%), (3%, naphthalene (4%, and nonylmercaptan (4% 19% 
the sulfur contained the original sulfide was trapped hydrogen sulfide. 


could have been assumed that the following process might proceed upon catalysis 
sulfide: 


300 

Primary 

' ZA 


and. moreover, that the secondary processes would proceed according Equations (1) and (2). 


rupture the sulfide molecule occurs sulfur and the alkyl (Scheme 3), then 
and nonene-1 should formed; the case bond rupture between sulfur and the tetralin radical (Equation 4), 
tetralin and nonylmercaptan should formed. But inasmuch tetralin and nonene may form the result 
secondary processes (Equations and 5*), their presence the catalyzate not proof the accuracy Equa- 
tions and The point which the sulfide molecule ruptures determined the thiols which are found 
primary products. All possible compounds foreseen the above-given equations have been separated from 
the catalyzate, among them both thiols. Hence, rupture the molecule occurred 
both valence points the this phenomenon also being observed for the first time upon catalysis sul- 
compounds over aluminosilicate, Concerning the quantitative aspect the process, nothing can said, 
since the relation primary substances obscured result the secondary reactions which take 
should noted that contact this sulfide with aluminosilicate, the dehydrogenation tetralin naphth- 


alene may perhaps proceed more readily, since, according [6], the role the dehydrogenating agent may 
played sulfur itself. 


Upon contact with aluminosilicate, catalyzate resulted, from which 
was isolated tetralin (28% the catalyzate weight), (18%, methylcyclopentane (17%, naphthal- 
ene (7%, and the initial sulfide (3%. Sulfur, the form hydrogen sulfide, was obtained amount equal 


the weight initial sulfide. analogy with the following course can offered: 


process 


i 


and secondary processes, proceeding according Equations (1) and (2). 


Concerning conversion aliphatic mercaptans into alkenes and hydrogen sulfide, see the earlier published 
work [1]. 


The presence has indicated that bond ruputre occurs sulfur and the cyclohexane 
ring. The cyclohexane formed changes further, according Equation (8), converting completely into 
pentane, which was isolated from the catalyzate. The possibility conversion cyclohexane into methylcyclo- 
pentane urder conditions contact with sulfur compounds was proved earlier the authors [7]. The absence 
cyclohexanethiol the catalyzate does not indicate that bond rupture between sulfur and does not occur; 
the possibility exists that such rupture has occurred, and that the cyclohexanethiol formed has converted into 
methylcyclopentane according Equation (8)*; however, could not proved the given. Consequently, 
the case B-tetralylcyclohexylsulfide, bond rupture between the ring and sulfur was proved, and 
was accompanied disproportionation hydrogen. 


special interest was conversion where the simplest radical, methyl, was bound 
one the sulfur valences. known, compound containing the methyl group differs its composition 
from the higher homologs certain characteristic properties. was reasonable expect the same peculiarity 
from well. 


Upon contact with aluminosilicate, the following course for the processes could assumed. the case 
bond rupture between sulfur and methyl groups 


—CH,=CH, 


+ H | —SH 


and processes proceeding according Equations (1) and (2). 


the case bond rupture between sulfur and the tetralin nucleus: 


and the processes according Equation (2). 


Equation (9) reflects characteristic for the reaction aliphatic-aromatic sulfides, with bond rupture be- 
tween sulfur and the and disproportionation hydrogen. The specificity the given case lies the fact 
that the alkene which formed, methylene, unable exist. Therefore, the ethylene present the outgoing 
gases could presumed have been formed the result combination the methylene with itself. The 
reaction course according Equation (10) could lead formation ethane viathe methyl radical stage. 
the case destructive hydrogenation (Equation 11), the methyl radical should convert methane. Bond rup- 
ture between sulfur and alkyl according any these equations leads formation which 
converts into tetralin and naphthalene, the result secondary process (Equations and 2). Rupture between 
sulfur and the tetralin radical (Equation 12) would give methyl mercaptan and tetralin, which, result 
secondary processes (Equations and could convert into dimethyl sulfide and naphthalene. 


the result contact with aluminosilicate, there were isolated from the cat- 
alyzate tetralin (35% the catalyzate weight), naphthalene (36%, dimethylsulfide (15.6%), and 
lol (6%). Methyl mercaptan was trapped out the exit gases, the amount the weight 
sulfide, and hydrogen sulfide (5.6% sulfur). Analysis the gas freed from hydrogen sulfide and methyl 
tan indicated that the hydrocarbons present contained only trace There was ethylene ethane. 
The following conclusions could drawn from these data: inasmuch the outgoing gases did not contain ethane 
and ethylene, Equations (9) and (10) not correspond actuality. The presence four possible primary 


Conversion cyclohexanethiol into methylcyclopentane was described earlier published work [1]. 


reaction products methane, tetralin, and methyl mercaptan the liquid catalyzate and the 
gases, indicated that the process proceeds simultaneously according both Equation (11) and Equation (12). 
Hence, the case molecular rupture occurs both the sulfur bonds with radicals, 
similarly that found above for The presence naphthalene, dimethylsulfide, and hydro- 
gen sulfide, which appeared secondary reaction products, indicated further change the primary reaction 
products according Equations (1), (9), and (13)*. The course the destructive hydrogenation reaction upon 
rupture the bond between sulfur and alkyl (Equation 11) has been observed for the first time the authors; 
this fact the specificity conversion sulfides containing radical over aluminosilicate inherent. 
The reaction proceeds according Equation (11), since cannot proceed the usual scheme for aliphatic- 
aromatic sulfides. 


EXPERIMENTAL 


The synthesized sulfur compounds were passed over aluminosilicate under identical conditions. 
catalyst was placed reaction tube, diameter. Length the catalyst layer was 30cm. The volu- 
metric which the substance was passed over was 0.25. all experiments the reaction was carried 
out gentle stream Evolution hydrogen sulfide was observed all the hydrogen 
sulfide was trapped sodium plumbite. The catalyst was regenerated after each experiment passing strong 
stream air through 500°. The air was then displaced with nitrogen. control experiment indicated, the 
presence oxygen the outgoing gas during catalysis explained incomplete displacement air from the 
apparatus. 


The catalyzates were fractionated many times for the purpose isolating individual compounds from them. 
apart from the fractions corresponding individual compounds, certain amount tar resulted. 
lower cracking fractions were observed. Repeated fractionation the catalyzate fractions led some loss sub- 
stance. Therefore, the percentage ratios substances isolated from the catalyzate cannot considered accur- 
ate, but only qualitatively characteristic the catalyzate composition. 


order prove that changes occurring with sulfides over aluminosilicate catalyst are not the result 
thermal decomposition, was passed through empty catalysis tube 300° 

stream nitrogen, i.e., under the conditions catalysis, but without catalyst. this case unchanged 
cyclohexylsulfide was obtained. 


resulted from reduction sulfochloride [8], which was synthesized interaction 
tetralin with chlorosulfonic acid [9]. The yield was 53% theoretical. M.p. 
Literature data: 58° The yield was B.p. mm); 135° 
1.5972; 1.0898. Literature data: b.p. 146-148°(14 mm) [8]. 


Found 73.04, 73.09; 7.45, 7.40; 19.39, 19.40. Calculated 73,12; 7.36; 


17.8 was passed over aluminosilicate catalyst. Weight the resulting catalyzate was 
11.8 (66%of the thiol weight). The hydrogen sulfide evolved during catalysis was precipitated with sodium 
plumbite. Weight the resulting PbS was 5.5 which corresponded 0.74 sulfur the weight 
initial thiol). large amount elementary sulfur was found the catalyzate shaking with metallic 
mercury. Tetralin, naphthalene, and the initial were isolated from the catalyzate. The 
and constants for the compounds isolated are given Table 


After removal hydrogen 
sulfide, the outgoing gas contained 
0.2% saturated com- Catalysis 
pounds, 0.3%; The remainder 
nitrogen, stream which the 
experiment was carried out. 


TABLE 


Substance isolated 
from catalyzate 


was 


synthesized for the first time 
the general method sulfide syn- 
thesis [10] from 
and nonyl bromide. The yield 
was 


Tetralin 


mm) 


Naphthalene *** 


Conversion aliphatic mercaptans into the sulfide described work published earlier the 
authors [1]. 


Literature data: b.p. 90.8-91.2°(17 mm) nf} 0.9707 


ing 
point 
6.8 122°(4mm) 1.5990 


theoretical); b.p. 218.5-219.5°(4 mm); 1.5370; 0.9671. 


Found 78.70, 78.66; 10.88, 10.82; 10.46, 10.50. Calculated 78.57; 10.41; 
11.02. 


30.0 B-tetralylnonylsulfide was passed over aluminosilicate catalyst. 20.9 liquid catalyzate was 

obtained (69.7% the sulfide weight). hydrogen sulfide evolved during catalysis gave 4.8 PbS, which 

_corresponded 0.64 sulfur (19.3% the weight sulfur original sulfide). From the catalyzate 
nonene-1, nonyl and were separated. Nonyl mercaptan and 
tetralin, usually unseparable ordinary fractionation because the proximity their boiling points, were sep- 
arated from one another the mercaptan with alcoholic solution sodium plumbite and then 
filtering the precipitate Pb. Tetralin was separated from the filtrate and from the lead nonyl 
tide, acidification with hydrochloric acid, the nonyl mercaptan was regenerated. The weights and constants 
the compounds precipitated are given Table 


TABLE 
Catalysis 
Substances separated Weight Melting Boiling point 


from the catalyzate (in point 
alyzate wt.) 


97.5-100.5° (20 mm) 
146-150 (756 mm) 
0.8 101.5-102.5 (20 mm) 


Literature data: see annotations Table 


Literature data: 146°[15]; 1.4169; 0.7296 [16]. 
data: see annotations Table The naphthalene picraté had m.p. 


Synthesis attempt synthesize not described 
the literature, from the potassium derivative and cyclohexylbromide gave poor results: yield 
did not exceed 27%, due side reaction cyclohexane formation from cyclohexylbromide under the influence 
alkali. series experiments was set for the purpose increasing the sulfide yield, which initial sub- 
stances, temperature conditions, heating time were varied. alkali, and halide were taken equi- 
molecular quantities. The experimental results are given Table 


TABLE 
(35 was ob- 
Synthesis tained heating cyclohexylchlor- 


amounts was observed all ex- 
periments. The resultant 


Calculated 


40.4 was passed over aluminosilicate catalyst. 33.0 catalyzate was 
obtained (81.7 the sulfide Hydrogen sulfide from the outgoing gases gave 11.0 PbS, which corres- 
ponded sulfur (27.95% sulfur the original sulfide Upon fractionating the catalyzate, the 


1.5442 0.9687 
1.4120 0.7267 
1.5985 1.0890 
1.4555 0.8420 
6 


following low boiling fractions were isolated: b.p. 72-74°, 1.4138; b.p. 75-76°, 1,4230. These 
fractions were apparently mixture three closely-boiling hydrocarbons: methylcyclopentane (b.p. 72.0-72.2°, 
1.4088 [18]), (b.p. and 1-methylcyclopentene-2 (b.p. 69°, 
1,4222 [20]). The fractions did not contain sulfide. determine the amount unsaturated compounds, 

the iodine numbers the fractions were determined. The iodine for the first fraction was equal 38,3; 
the percentage unsaturation was 12.52. The iodine number for the second fraction was equal 68.3; the per- 
centage unsaturation was 22.29. Hence both fractions contained negligible amount methylcyclopentene. 

Both fractions were combined and treated with equal volume 90% sulfuric acid. Upon distillation the 
residue, methylcyclopentane Tetralin, naphthalene, and the initial 
sulfide were separated fractionation the higher-boiling portions the catalyzate. The weights and con- 
stants for the compounds obtained are given Table 


TABLE 


Catalysis 


Melting Boiling point 
(in (in point 
zate weight) 


Substance isolated 
from catalyzate 


Methylcyclopent- 

ane 1.4119 0.7413 


hexylsulfide 1.5818 


Literature data see annotation Tables and Naphthalene picrate had m.p. 
Literature data: b.p. 1.4088; 0.7474 [18]. 


TABLE 


Catalysis 


Melting Boiling point 
(in catalyzate point 
weight 


mm) 


33-39° 


Substance isolated from 
the catalyzate 


Tetralin 


136° mm) 


Literature data: see annotation Tables and Naphthalene picrate had m.p. 
Literature data: b.p. 37.2% 0.8449 [24]. 


was synthesized from potassium methyl The yield 
was 74.67 theoretical. B.p. mm); 1.5920; 1.0711. Literature 
data: b.p. 158-159°(10 mm) [21]. 


was passed over aluminosilicate catalyst. The catalyzate weight was 
(74 the sulfite weight). The exit gases contained hydrogen sulfide and methyl mercaptan, separated 
ive precipitation the form and CdS [22]. The resulting mercaptide gave positive reaction for 
with concentrated with isatin green coloration CdS was converted into PbS. 
PbS was obtained, which corresponded 0.34 H,S, 0.32 sulfur (5.56% sulfur the sulfide); 

sulfide). Dimethylsulfide, tetralin, naphthalene, and were separated from the catalyzate. Tetralin 
and contained considerable elementary sulfur, which was removed with metallic mercury, The 
weights and constants the substances synthesized are given Table 


| 
‘ 
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The dimethylsulfide gave clear-cut positive reaction for sulfide with mercurous nitrate. The out- 
going gas (1600 ml) from the catalysis contained 4.4% compounds, after removal the 
hydrogen sulfide. The remainder was nitrogen, which catalysis was out. Upon calculating 
traces methane, less than 1%, was ethane the gas. The number, for the formula satur- 


dioxide obtained burning saturated hydrocarbons; the gases taken for combustion. 


where the volume carbon 


The behavior tetralin over aluminosilicate catalyst was studied the catalytic 
conversion mechanism. 


(b.p. 81.5-82.5°(8 mm); 1.5412; 0.9671) was passed over aluminosilicate 
under catalytic conditions the sulfur compounds. 29.2 catalyzate resulted (97.33% the tetralin weight). 
The catalyzate was cooled with solid carbon dioxide, ard the which separated out the funnel 
was filtered. this temperature the melted and went into the filtrate, naphthalene remaining the 
filter. naphthalene was isolated with m.p. 80°. The yield naphthalene constituted 1.4% the 
catalyzate weight. The exit gas contained unsaturated compounds: 0.3%; 
saturated 2.9%, Saturated ~methane The remainder was nitrogen, stream 
which the experiment was carried out. Thus, the gas contained about yolume percent methane and traces 
remaining gases. 


19.9 tetralin was passed over aluminosilicate catalyst under catalytic sulfur conditions stream 
nitrogen mixed with hydrogen sulfide. double freezing the catalyzate with solid carbon dioxide, with subse- 
quent filtration 0.9 naphthalene was isolated, which constituted 4.64% the catalyzate weight. 
M.p. 80°. Thus, the presence hydrogen sulfide facilitated dehydrogenation the tetralin. 


For clarification the thermal stability the series sulfides, 19.6 
sulfide 1.5792, 1.0521) was passed through empty catalytic tubes stream 300°. 


catalyzate (96.94 the sulfide weight) whose constants coincided with the constants the sulfides 


SUMMARY 


upon contact with aluminosilicate 300°, into tetralin, naphthalene, and 
hydrogen sulfide. Naphthalene forms dehydrogenation tetralin. The phenomenon dehydrogenation the 
hexamethylene ring the -benzene ring under the conditions contact with sulfur compounds has been obsérved 
for the first time. 


B-tetralylnonylsulfide and with aluminosilicate, there occurs 
rupture the molecule both valences which bind sulfur the radicals. With aliphatic-aromatic sulfides under 
identical conditions, the bond between sulfur and alkyl, only, ruptured. Weakening the bond between the 
benzene ring and the sulfur sulfides can explained the effect the hexamethylene 
ring which condensed with benzene the tetralin molecule. 


Alkenes form from aliphato-tetralin and aliphato-aromatic sulfides upon their contact with aluminosilicate 
result hydrogen disproportionation. represents upon rupture the 
bond between methyl and sulfur, there has been observed for the first time destructive dehydrogenation with sulfides 
this type, which related the impossibility existenceof methylene. 


Rupture the bond between sulfur and the hexamethylene nucleus has been proved for 
hexylsulfide, analogous the behavior naphthene-aromatic sulfides. 
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RESEARCH THE FIELD AMINO ACIDS 


THE CONDENSATION REACTION ALDEHYDES AND KETONES WITH ACYLGLYCINES 


Numerous investigations the condensation reaction aldehydes with acylglycines (the Erlenmeyer reaction) 
haveindicated that the character the aldehyde radical affects the course this reaction, Aromatic aldehydes and 
majority the heterocyclic aldehydes enter readily into reaction with hippuric acid form oxazolones good 
yields Aldehydes the aliphatic series react with difficulty with hippuric acid [2], and under analogous con- 
not react with aceturic acid. the aliphatic-aromatic aldehydes, phenylacetaldehyde and phenylprop- 
ionic aldehyde not react with hippuric acid The nature the substituents the ring aromatic aldehydes 
apparently does not affect the direction the reaction (as distinguished from the Perkin reaction. There. are 
acteristic indications for the fact that the presence nitro group the ortho position the aldehyde group 
some cases lowers, and others increases, the yield Thus, upon condensing 2-nitro-3,4-methylene- 
with hippuric acid, the yield oxazolone was [4], while condensation 3,4- 
with hippuric acid resulted 67% yield the oxazolone [5], 82% 
oxazolone resulted 84% yield [7] from while the yields corresponding oxazo- 
lones from the did not exceed 80%, 


Evidently, the cases indicated, reaction conditions for the condensation have effect, but not the presence 
the nitro-group. The condensation reaction o-nitrobenzaldehyde with hippuric acid can serve example 
confirm the effect reaction conditions unon the yield oxazolone. According the literature data. 
results 60% yield But when this reaction was carried out the 
authors under other conditions, i.e., using potash place sodium acetate (see Experimental), the same oxazolone 
then resulted 80-85% 


study the condensation reaction ketones with hippuric acid has indicated somewhat different rela- 
tion between the ketone radical structure and its ability enter into condensation reaction with hippuric acid. 
Acetone [9], methylethylketone [10], cyclohexanone [11], and benzylideneacetone [12] react with hippuric acid 
form the oxazolones yields 73, 67, 49, and 46%, respectively. apparently impossible increase the 
yields, due the existence supra-acylation process which occurs simultaneously with the condensation process. 
Upon condensing acetone and methylethylketone with hippuric acid, sodium benzoate was obtained the amount 
20-30% the hippuric acid taken. 


Attempts were made obtain the oxazolone acetophenone [11], but was found that acetophengne does 
not react with hippuric acid. The author also studied the possibility condensing with hippuric acid 
under various conditions; during this time several compounds were synthesized, among them 
ethylidene)-5-oxazolone, but the oxazolone for was not found, appeared interest the authors verify 
the effect the nitro group the molecule aliphatic-aromatic ketone upon the ability the carbonyl group 
enter into reaction with hippuric acid. For this purpose, experiments were set for condensing and m-nitroaceto- 
phenone with hippuric acid. both cases, the corresponding oxazolones resulted and 


wherein was isolated two crystalline modifications 
and yellow. The yellow-colored crystals were the stable form; the red-colored crystals dissolved organic 
solvents precipitate the yellow crystals. 


indicated above, aldehydes the aliphatic series entered, with difficulty, into condensation reaction 
with hippuric acid, and polymerization products resulted along with the oxazolone. Various investigators have 


changed the Erlenmeyer reaction conditions for the purpose eliminating the polymerization reaction and 
increasing the yield oxazolone. One them [13] used lead acetate place sodium acetate, while 
others did not introduce all the aldehyde once into the reaction medium, but instead added gradually, 
dropwise, eliminating this way prolonged contact aldehyde with the reaction medium. Both modifications 


give positive results. 


the basis accumulated research material the Erlenmeyer reaction, investigators have come 


the conclusion that reaction proceeds through the formation 2-phenyl-5-oxazolone, and not through formation 
the unsaturated acylated amino acid. When hippuric acid cyclization into 2-phenyl-5-oxazolone, 
there formed acetic acid, which changes the the medium, which perhaps facilitates polymerization 
aldehydes the aliphatic series. Sodium acetate does not seem sufficiently good buffer under the con- 
ditions acetic acid formation, and when substituted lead acetate, when the effect acetic acid the 
aldehyde was removed gradual introduction the latter into the reaction medium, there was then obtained 
from acetaldehyde 47-60% yield, and from isobutyraldehyde 


isobutylidene-5-oxazolone 31% yield [13] instead 8%. 


The method proposed 1950 for synthesizing oxazolones using potash place sodium acetate 
increased yields oxazolones from aromatic aldehydes. Apparently, the case aromatic alde- 
hyde condensations with acylglycines, acetic acid affects this process unfavorably. However, the presence 
potash, the acetic acid neutralized, and the oxazolones are therefore greater than when sodium acetate 
used. The reaction aromatic aldehydes with hippuric acid the presence potash begins room temper- 
ature, and then accompanied evolution heat, whereupon the temperature changes sharply, depending upon 
the character the Aromatic aldehydes react with aceturic acid upon heating, but the oxazolones are 
not always obtained good yields. Benzaldehyde reacts with hippuric and with aceturic acids with good yields 


TABLE 


Oxazolone 


2-Phenyl-4-benzylidene-5-oxazolone 
benzylidene-5-oxazolone 


5-oxazolone 


{1' 


(Table 1). However, substituted benzaldehydes, with aceturic acid, not always produce oxazolones goad 


Formula 


yields. From p-methoxybenzaldehyde and aceturic acid, oxazolone results maximum yield 50%. was 
interest the author clarify the influence nitro group the aldehyde molecule upon its condensation with 


ield oxazolone (in the pres- 
ence of: 


NaHCO 


83.7 83.5 

35-45 40-50 25-30 

50-56 


acid. indicated above, o-nitrobenzaldehyde reacted with hippuric acid give the oxazolone 80- 
85% yield. The reaction o-nitrobenzaldehyde with aceturic acid has not been described the literature. 


this connection the author set o-nitrobenzaldehyde condensation experiments with aceturic acid, and 
5-oxazolone resulted 25% yield. study this oxazolone indicated that 
differed somewhat its properties from the other oxazolaines. was readily hydrolyzed alkali the cold, 
and also reacted the cold with aniline (or piperidine) give the corresponding anilide piperidide). Upon 
recrystallization technical oxazolone from alcohol, there was isolated. along with the oxazolone, the oxazolone 
acid and its ethyl possible that instability the oxazolone ring the reason for the poor yield 


oxazolone. 


The author studied the condensation reaction aldehydes and ketones with acylglycines the presence 


obtaining almost the same yields when potash was used. Table the oxazolone yields, 
using potash and sodium bicarbonate, are given. With potash the reaction proceeded room temperature, and 
with sodium bicarbonate, 40-50°, 


the study Erlenmeyer's reaction, the author noted the ability saturated and unsaturated acylated 
amino acids yield readily crystallizable salts with bases. The author obtained several quaternary ammonium 
salts acylamino acids with piperidine (Table 2). 


TABLE 


quaternary point Found 
ammonium salt 


Acylamino acid 


acid 153-154 7.95 8.26 
acid 152-153. 9.65 9,24 
-isopropylacrylic acid 109-116 7.90 1.86 
acid 181-182 8.71 8,55 
acid 105-109 6.69 6.92 


EXPERIMENTAL 


acetic anhydride was added mixture consisting 26.5 freshly-distilled benzaldehyde, 
22.5 hippuric acid, and 17.25 anhydrous potash. After 3-5 minutes, evolution carbon dioxide began, 
rapid dissolution the initial products took place, and the whole solution immediately solidified, the tempera- 
ture rising 120°. the following day, the crystalline mass was ground with water, 
filtered, and washed, first with acid, and then with water, the appearance transparent wash water. 
Air-dried. M.p. sample mixed with melted without depression. 
The yield was 26.2 i.e., 


14.75 aceturic acid, 8.6 anhydrous potash, 6.5 freshly distilled benzaldehyde, and 
acetic anhydride were mixed. Temperature the reaction mass rose spontaneously and evolution 
carbon dioxide began. After minutes, when the temperature began decrease, the flask was gradually heated 
(to 60° after 25-30 minutes) and this temperature was maintained for hour; violent evolution carbon dioxide 
occurred during this time, with foaming the entire mass and the separation crystalline precipitate. The 
foaming gradually subsided; the temperature was increased 120° over period hour, and then heated 
120-135° for another hour, whereupon the crystalline precipitate disappeared 80° and the entire mass 
liquid which crystallized upon cooling. The crystals the following day were ground with 
water and filtered The precipitate was washed with 10% acetic acid, water, and air-dried, The yield was 20.2 
(85% the theoretical). 


-5-oxazolone 


oxazolone was synthesized under the same conditions with 2-phenyl- 
4-benzylidene the temperature not exceeding 46° when using potash, and the reaction being carried 
out 60° when using sodium bicarbonate. The yield was 80- 
85%, 150 


IV. 2-Phenyl-4-(o-nitrobenzylidene)-5-oxazolone 


hippuric acid, 8.5 o-nitrobenzaldehyde, 4,7 sodium bicarbonate, and acetic anhyd- 
ride were heated and the temperature maintained cessation carbon dioxide evolution, Allowed 
Stand overnight; the following day the reaction mass was mixed with alcohol and The precipitate was 


washed with solution, dried, and crystallized from acetic acid alcohol, The yield was 82% M.p. 
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aceturic acid, 6.5 o-nitrobenzaldehyde, 3.72 sodium bicarbonate, and 9.5 acetic an- 
hydride were heated water bath for hours, Allowed stand overnight, the following day 
was mixed with alcohol and filtered after hours standing. The residue was crystallized from 
alcohol. After cooling the alcoholic solution. mixture oxazolone and the ester 
cinnamic acid, m.p. 92-98°, precipitated. acid remained the alcoholic 
mother liquor. The mixture with m.p. 92-98° was mixed with small quantity ether. The undissolved 
portion was filtered off, and the ether distilled off. The residue represented 
and was crystallized from benzene. 110-112°. 


The crystals acid ethyl ester, which did not dissolve the ether, were 
Crystallized from benzene. M.p. 


solution sodium hydroxide were left standing for several hours the complete dissolution oxazolone. 
acid was added the transparent liquid, acid reaction with Congo red. was filtered, 
washed with water, and dried. M.p. 201-203° with decomposition. 0.52 a-acetylamino-o-nitrocinnamic 
acid The yield was 98%: 


The anilide and piperidide acid. 0.5 
idene)-5-oxazolone was dissolved dry benzene, and 0.3 aniline added the solution. After 
several minutes the anilide began precipitate, and was filtered off after 1-1.5 hours and washed with benzene 
and ether. was crystallized from aqueous The melting point a-acetylamino-o-nitrocinnamic acid 
anilide was 199-201° (with decomposition); 


piperidine was added the solution. The solution became red color and heat was evolved. 
Benzene was distilled off vacuo. The residue was ground with ether and filtered. was recrystallized twice 
from 50% methyl alcohol. was 


hippuric acid, 4.6 sodium bicarbonate, acetic anhydride, and 165 acetone were 
heated water bath for hours. the following day, the precipitate sodium benzoate was filtered 
off; was obtained the amount the basis hippuric acid). The filtrate was evapoi- 
ated vacuo, and after 100-110 acetone had distilled, the residue, while still warm, was poured into water 
and allowed stand overnight. The precipitate was then filtered off, washed with water, 2%solution soda, 
again with water, and then dried the air. 6.6 resulted, which was recrystallized from The 
yield was 5.6 i.e., the theoretical. The melting point the was 
Upon condensing hippuric acid with methylethyl ketone under the conditions Experiment VI, sodium 


benzoate was formed the amount resulted mix- 
ture two geometrical isomers. 


3.26 hippuric acid and 1.26 anhydrous potash were mixed, and the mixture was added 5.78 
acetic anhydride Reaction started after 2-5 minutes, evidenced evolution carbon dioxide bubbles. When 
carbon dioxide evolution decreased, p-nitroacetophenone was introduced, and the temperature decreased 
the same time. The reaction mass was heated for minutes 44°. Gradual dissolution the precipitate 
took place, and the entire mass then suddenly crystallized. was heated 49° for some time and then left 
stand overnight. the following day mixture ice and water (40 was introduced into the flask, and after 
one hour standing, was filtered. The orange-colored precipitate was washed with water, bicarbonate, 
again with water, and dried. was crystallized from alcohol. Oxazolone the form yellow crystals with 
m.p. resulted. The yield was 28% theoretical. 
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After the technical several times with alcohol separate traces injtial product 
and the yellow oxazolone crystals, the red crystals oxazolone were left behind. The melting point these 
crystals was the same for the yellow crystals. The red oxazolone dissolved with heating alcohol, benzene, 
and dioxane. precipitated from the solutions the yellow crystalline form. The red crystals dissolved 
pyridine the cold, and were precipitated water from solution the yellow crystals, 


was boiled for minutes with sodium hydroxide, Carbon was added the turbid 
solution, filtered, and the solution acidified with hydrochloric acid Congo red. The colorless crystals were 
filtered off. The yield was 0.43 (81% theoretical). Upon recrystallization from alcohol, the 
acid melted 202-204° (with decomposition). 


The methyl ester acid. 0.25 oxazolone was dissolved 


inl alcohol, which traces sodium alcoholate were added, and left stand for hours. 
was then dissolved water and the resulting precipitate filtered off. was crystallized from 80% alcohol, The 
melting point the methyl ester acid was 181-183°, 


ethylidene)-5-oxazolone, 0.2 aniline, and dry benzene were boiled for hours. After cooling, was 
filtered off; the mother liquor was evaporated vacuo, the resulting the first and ground 
with small quantity ether. resulted, i.e., theoretical. The anilide 
acid, recrystallized from benzene-acetone mixture (2:1), melted 251-252° (decomposition). 


The piperidide acid, Upon heating 


with piperidine, the piperidide benzoylamino- 
acid resulted, and, after crystallization from dioxane, melted 211-213° (with decomposition). 


1.9 acetic anhydride was added mixture 1.09 hippuric acid and 0.42 potash. 
m-nitroacetophenone was then introduced and the temperature gradually brought 60° within hour. was 
allowed stand overnight room temperature. was treated the preceding experiment. 
was recrystallized from ethyl acetate. M.p. The yield was 


Upon heating the oxazolone with sodium hydroxide, 
crotonic acid resulted. was crystallized from alcohol. 197-198°, 


0.59 piperidine, and dry benzene were boiled for hour. The resulting solu- 
tion was evaporated vacuo, The residue was ground with ether and crystallized from alcohol-dioxane mixture 
(3:1), The melting point the piperidide acid was 216-217° 
(with decomposition), 


Quaternary ammonium compounds saturated and unsaturated 
with piperidine. 


All the salts indicated Table were obtained the same manner that described below for the 
salt acetylleucine with piperidine. 0.5 acetylleucine was mixed with dry benzene, and 0.5 
piperidine was added the resultingsuspension. After addition the piperidine, the precipitate was dissolved, 
and then crystalline precipitate began separate from the solution. The yield was 0.6 was crystallized 
from mixture methyl alcohol and acetone, was dissolved methyl alcohol and precipitated with acetone. 
M.p. 


SUMMARY 


Acetophenone does not react with hippuric acid under conditions the Erlenmeyer reaction. The 
nitro group, when introduced into the acetophenone molecule, activates the group, and nitroaceto~ 
phenone reacts with hippuric acid. 


has been synthesized. has been demonstrated that the 
properties the oxazolone- ring differ from those the oxazolone ring unsaturated oxazolone, because 
this ring readily split the cold alkalies and 


has been demonstrated that the use sodium bicarbonate the condensation reaction aldehydes 
and ketones with acylglycines makes possible synthesize oxazolones the same yields with potash. 
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CYCLOALKYLATION AROMATIC COMPOUNDS 


VI. CONDENSATION AND ANE 


WITH BENZENE 
Sidorova and A..Dubnikova 


The alkylation aromatic compounds methylcyclopentane has received but little study. Condensation 
1-chloro-l-methylcyclopehtane with benzene, phenol, and cresol the presence ferric chloride [1] has been 
described, well condensation 1-methylcyclopentanol with phenol the presence aluminum chloride 
Upon condensing 1-chloro-i-methylcyclopentane with benzene, there were obtained liquid monoalkylated 
product, 37% yield (of theoretical), and solid disubstituted product. The 
products were characterized only their constants. However, there has been observed [3] production 1-methyl- 
result the abnormal reaction the acid chloride 
lic acid with benzene the presence aluminum chloride. 


The authors studied condensation 1-methylcyclopentanol with benzene the presence aluminum chlor- 
ide. avoid possible isomerization, with expansion the ring, carried out the condensation under very 
mild conditions large excess benzene (15 moles) and with very slow addition aluminum chloride 
room temperature. After standing for hours, the reaction mixture was gradually brought The 
monoalkylated hydrocarbon resulted 43% yield: definite product separated from the fraction. 
identify the monoalkylated product the usual procedure, the nitro compound was m.p. 58°, which 
corresponded closely the melting point for p-nitrocyclohexylbenzene. However, further conversion the nitro- 
into the acetamino derivative gave substance melting 141°, contrasted with melting point 
130-131° for the acetaminocyclohexylbenzene. This result indicated definitely that the substance obtained 
alkylation was was characterized large number derivatives. 


For explanation the existence cyclic isomerization this reaction, the condensation was carried 
out under harsher conditions small benzene excess and rapid addition, which was accompanied 
boiling the reaction mixture, The hydrocarbon resulting from this operation was also found mainly 
the 


attempt .effect condensation the presence phosphoric acid led substance strong aroma, 
resembling mint, apparently the methylcyclopentane dimer (possibly with impurity alkylation product). 


addition, condensation 1-chloro-l-methylcyclopentane with benzene was carried out the authors; 
two hydrocarbons were obtained (33%) and 
with m.p. 92°. 


The results indicated that under the conditions these condensations there significant isomerization 
five-membered rings six-membered, whereas individual homologs cyclopentane, according the data 
Turova-Polyak [4], convert considerable degree into cyclohexane under the action chloride. 


EXPERIMENTAL 


was obtained from and cyclopentanone [5]. The yield was 45% theoret- 
ical, B.p. 75°( mm); 


was obtained the action fuming hydrochloric acid upon 
cyclopentanol. After half-hour shaking with pre-cooled reagents, the mixture was left stand, the upper 
layer washed with sodium bicarbonate solution, then with water, dried with calcium chloride, and finally dis- 
tilled. The yield was 55% theoretical, 66-67°(160 mm); 1.4455. 


Condensation 1-Methylcyclopentanol with Benzene 


Condensation The reaction was carried out the usual apparatus without stirrer. 6.5 (0.05 mole) 
aluminum chloride was added small portions over period hours with periodic vigorous shaking 
(0.08 mole) 1-methylcyclopentanol and 100 (1.1 mole) benzene, Each portion was added only after 
complete dissolution the preceding portion; evolution was observed this procedure. After com- 
pletion the addition, the mixture was allowed stand overnight, and was then gradually heated 
boiling boiling water bath. After cessation HCl evolution the mixture was cooled and decomposed. After 
the usual treatment, 5.5 (43%) was obtained mobile liquid pleasant 
odor, resembling that carrots, B.p. 110-112°(25 mm); 0.9396; 1.5193; MRp 51.69; calculated 
51.82. 


According the literature data has b.p. mm); 


ing mixture, first the cold, and then with heating warm waier bath (50-60°). Separation was 
The yield was 2.55 (66%. The b.p. was 130-133°(15 mm). Immediately following distillation, the nitro 
compound crystallized. The crystals were the form yellow needles with m.p. 55°. After three recrystalliza- 
tions from alcohol, the melting point reached 58”. 


The amine resulted reduction with tin and hydrochloric acid, and after purification was converted 
solid derivatives. 


Platelets (from dilute alcohol). 


176° (from dilute alcohol). Fine, opaque needles 


star clusters. 


5.37 mgsubstance: 0.270 731 mm). Found Calculated 5.02. 


Picrate melted with decomposition Dark yellow, very 


fine needles (from benzene and ligroin mixture). 


Thick, transparent needles (benzene ligroin) with 


m.p. 


10.72 substance: 0.603 725 mm). Found N6.05. Calculated 
5.86. 


Transparent prisms (from ligroin). 


9.96 substance: 0.443 729 mm). Found 4.83, Calculated 4.44. 


Condensation II. 4.2 (0.042 mole) 1-methylcyclopentanol was taken for reaction, plus 
(0. mole) benzene and 3.4 (0.026 mole) Addition the was carried out rapidly and 
caused violent evolution HCl. Immediately following addition all the AlCl, the mixture was boiled for 
hour. Further treatment was usual. (21% ofthe alkylation product was obtained, consisting mainly 


B.p. 104-107°(20 mm); 1.5153; 0.9296; MRp Calculated 51,82. 


The acetamino derivative melted 140°. The sample mixed with sample the amino derivative 
obtained from the preceding reaction did not produce depression melting point. 


Condensation with Benzene 


The reaction was carried out two-necked flask with mechanical stirring. 0.5 (0.004 mole) 
inum chloride was added several portions mixture (0.07 mole) the chloride and 100 (1.1 
mole) benzene cooled The reaction mixture was heated water bath for hour. After the usual 
treatment, 3.3 (33% with b.p. 148-150° (100 mm) resulted, along with 
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p-di-(1-methylcyclopentyl)-benzene, which distilled 150-200°(100 mm). M.p. 92° (from dilute 
alcohol). 


According the literature data: p-di-(1-methylcyclopentyl)-benzene melts 94° 


The constants for were: b.p. mm); 0.9323; 
MRp 51.83; calculated 51.82. 


The nitrocompound: m.p. 


The alkylation benzene with and has been studied 
the presence aluminum chloride. has been demonstrated that these reactions proceed without noticeable 
isomerization, with formation number crystalline derivatives 1-methyl- 
have been obtained. 
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INTERACTION NICOTINE WITH METAL SALTS 


THE INTERACTION NICOTINE WITH THIOCYANA SALTS 


NICKEL, IRON (2+), COPPER (2+), MANGANESE, CADMIUM, AND ZINC 
Burkat 


our preceding article [1], results study the reaction between the cobalt thiocyanate complex and 
nicotine aqueous were given. was established that the reaction product represented double salt 
nicotine thiocyanate and cobalt thiocyanate. The conditions synthesis this salt were developed, the com- 
position and properties this compound were studied, and was demonstrated that corresponded the formula: 


previously published works [2,3], the authors noted that nicotine gives characteristic crystalline precipit- 
ates not only with cobalt thiocyanate, but with thiocyanate salts other metals ‘as 


This given investigation was undertaken for the purpose studying the composition and properties reac- 
tion products between nicotine and nickel, iron (2+), copper (2+), manganese, cadmium, and zinc salts. 


Experiments have shown that when nicotine, its salts, added aqueous solution one the above- 
enumerated metals, the presence ammonium crystalline precipitate forms, characterized 
stability and constant composition. Such compounds can obtained with both pure nicotine and 
its salts with mineral acids, and with technical nicotine sulfate, aqueous extracts 


The interaction nicotine with thiocyanate salts the metals represent crystal- 
line substances slightly soluble water, more readily hot water. They crystallize readily from water. The 
compounds obtained dissolve dilute mineral acids, and again separate out from solution after neutralization with 
alkali. concentrated sulfuric and hydrochloric acids without any characteristic peculiarities. 

With the aid standard reagents, the presence the corresponding metal ions, thiocyanate ions and nicotine 
Saturated aqueous solutions the compounds obtained qualitative procedures readily established. Aqueous 
solutions these are titrated with alkali, which indicates the presence nicotine their composition, 
the form salt. The characteristics shown the 
compounds obtained give grounds for considering them 
binary salts nicotine thiocyanate, and thiocyan- 
ates the above-cited metals. Analysis the substances 
200-201 represented formulas (1) and (2): 


where integer number for nicotine, metal. 
The compounds melt with partial decomposition 


The compounds obtained are given the table. 


EXPERIMENTAL 


Synthesis Nicotine Thiocyanate and Nickel Thiocyanate Binary Salt 


ammonium thiocyanate water was prepared separate container, and the two solutions were mixed. 
3.25 nicotine (base) was placed 100 flask, water added, and the resulting solution neutralized 
with 25% hydrochloric acid solution (indicator red). Asolution the nickel thiocyanate complex was 
added the prepared nicotine solution, with vigorous and the mixture left for minutes. The resulting 
precipitate was filtered off with suction, washed with 5-10 water the filter, and dried The 


resulting precipitate was theory, assuming that the reaction proceeded according the following 


The resultant product was twice recrystallized from boiling water (the first time from 120 ml, and the 
second time from 100 ml). The crystalline powder was blue color and without odor. The solubility water 
20° was 0.60%, aqueous solution was faint blue color. 


Quantitative determination the metal, the thiocyanate ion and the nicotine was carried out according 
standard analytical procedures. 


0.3010, 0.3000, 0.4040 substance. Found 9.64, 9.16, 9.24; 36.61, 35.60, 35,15; 
nicotine 52.47. 


Synthesis Nicotine Thiocyanate and Iron Thiocyanate Binary Salt 


Mohr's salt and 3.1 ammonium thiocyanate were dissolved separately water and 
the solutions were then mixed. 3.25¢ nicotine (base) was dissolved separate container, the resultant 
liquid neutralized with hydrochloric acid, and the above-prepared iron thiocyanate complex added with vigorous 
stirring. The resulting crystalline precipitate was filtered with suction, washed the filter with cold 
water, and dried 60°. The yield substance was 80%, calculating for the nicotine taken reaction. 


The resultant compound was recrystallized twice from boiling water (the first time from water, and 
the second time from ml) and dried between sheets filter paper room temperature. 


Lustrous crystals, light-brown color. Solubility water The aqueous solution was 
yellow 


0.5000, 0.3000, 0.5030 substance: Found 9.48, 9.80, 9.25; 35.80, 36.00, 
nicotine 52.92, 53.14, 53,00. Calculated 9.10; CNS' 37.79; 
nicotine 52.76. 


Synthesis Nicotine Thiocyanate and Copper Thiocyanate Binary Salt 


ammonium thiocyanate was added the resultant solution. The solution was 3.25 nicotine (base) 
premixed with water and neutralized with 25% hydrochloric acid, was added with vigorous stirring 
the The resulting precipitate was filtered suction, washed the filter with 5-10 
water, and dried between sheetsof filter paper room temperature. The yield resultant product was 75%, 
calculating the basis nicotine taken for reaction. 


Fine powder, green color. The resultant salt was notverysoluble cold decomposed partially 
boiling with water, forming precipitate copper thiocyanate, Crystals did not separate from the supersatur- 
ated aqueous solution. The aqueous solution was green color. 


0.5000, 0.5032, 0.3000 substance. Found 10,16, 10.52, 10.91. Nicotine 51.30, 52,59, 52,42. 
Calculated 10.23; nicotine 52.12. 


Synthesis Nicotine Thiocyanate and Manganese Thiocyanate Binary Salt 


1.9 crystalline manganese thiocyanate and 3.1 ammonium thiocyanate were dis- 
solved separately water, and the two solutions combined. nicotine (base) was mixed 
separate container with water and the resultant mixture neutralized with 25% hydrochloric acid. Man- 
ganese thiocyanate was added the prepared nicotine solution with vigorous stirring, and the mixture left for 
minutes. The crystalline precipitate was filtered off suction and dried 60°. The yield compound 
was 84%, calculating the basis nicotine taken for reaction: 


The resultant compound was recrystallized twice from boiling water (the first time from water, 
the second time from ml), and the crystals were dried between sheets filter paper room temperature. 


crystalline powder, light-yellow color. Solubility water 4.4%. The aqueous solution was 
almost colorless. 


0.5000, 0.8000, 0.4998 substance. Found 8.26, 8.13, 8.46; CNS’ 35.50, 36.16, 36.54; 
nicotine 53,01. 


Synthesis Nicotine Thiocyanate and Cadmium Thiocyanate Binary Salt. 


anhydrous cadmium chloride, and 3.1 ammonium thiocyanate were separately 
water and the solutions The resulting solution was poured, with stirring, into 3.25 
nicotine (base) water, neutralized beforehand with 25% hydrochloric acid. crystalline 
precipitate separated. The mixture was allowed stand for minutes, and the crystalline mass then filtered 
off suction and dried temperature 60°. The resultant compound was 86% theoretical, assuming that 
formation the compound occurred according the following equation: 


The resultant compound was recrystallized twice from boiling water (the first time from 100 water, and 
the second time from ml), and the crystals were dried between filter paper sheets room 


white crystalline with yellow shade. water 20° 0.80%. The aqueous solution 
was colorless. 


0.5000, 0.3000, 0,5018 substance. Found 17.20, 16.46, 16.24; 32.98, 32.76, 33.12; 
nicotine 


Synthesis Nicotine Thiocyanate and Zinc Thiocyanate Salt 


monium thiocyanate water was prepared separate container and the two solutions 
3.25 nicotine (base) was mixed porcelain cup with water and neutralized with 25% hydrochloric 
acid; the prepared complex solution zinc thiocyanate was added with stirring the neutralized nicotine 
tion. thick, milky-white turbidity formed, from which there separated out resinous mass, yellow 
The liquid was poured off thoroughly possible and the resultant mass washed with cold water, and 
then dissolved 120 water boiling, and the solution filtered immediately. Upon cooling, there separated 
out from the filtrate colorless silky needles. The resultant crystalline mass was repeatedly recrystallized from 
boiling water, and the crystals dried between filter paper sheets room temperature. The yield pure 
product was calculating the basis nicotine taken for reaction. 


Light, feathery, crystalline mass, white color, with silky sheen. Solubility water 20° 80%. 
The aqueous solution was 


0.5000, 0.5014, 0.3000 Found 16.46, 16.43, 16.25; 40.00, 41,42. 
nicotine 41.14, 41.48. Calculated 16. 22; CNS' 43.24; 
nicotine 41.00. 


SUMMARY 


~ 


Binary salts between nicotine thiocyanate and the thiocyanates nickel, (2+), copper (2+), manganese, 
cadmium, and zinc have been synthesized. The composition, properties, and formulas the compounds obtained 
are given the text the article. 
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NEW TYPES TERPENE TRANSFORMATIONS 


XV. THE ACTION CHLORINE UPON 


Tishchenko and Sheina 


article [1], the authors developed general concept for predicting the structures unsaturated 
terpenes which should formed the interaction chlorine with any terpene. Additional ideas the subject 
were given subsequent articles and XIV [2]. accordance with these, could foreseen that the interaction 
chlorine with would expressed the following scheme (the saturated dichloride not presented): 


Cl, 


The possibility forming the chloride (II) explained the same causes for the corresponding chlorides 
camphene and a-fenchene [2]. The reaction chlorine with has not been studied anyone, and 
the accuracy our assumptions could only verified experimentally. 


was synthesized according the method Qvist [3], dehydrating fenchilic alcohol with 
potassium acid sulfate, and separated from the accompanying fractionation effecient col- 
umn. Its constants corresponded the literature data, 


Chlorination B-fenchene was carried out under conditions described many times. distilling the reac- 
tion products, monochloroterpene was isolated, boiling within narrow range, which indicated the absence 
isomeric chlorides with various (primary, secondary, and tertiary) position the chlorine atom. Not all the 
chlorine (16.9% out the 20.4%) was mobile, and the molecular refraction the monochloroterpene 
exceeded that calculated for chloride 0.3, which should attributed the presence about one-fourth 
chloride (II) the chloroterpene. Upon ozonizing the chloroterpene, chloroketoaldehyde resulted, which upon 
further oxidation, gave cis-apo-fenchocamphoric acid, which ensured the structure (I) the principal constituent 
the chloroterpene: 


OOH 
OOH 


Thus, can considered that the predictions regarding the interaction mechanism chlorine 


with are confirmed experimental data, and that this mechanism does differ from that for 
other terpenes. 


Synthesis fenchilic alcohol has been described the authors [2]. Its dehydration was carried out under 
the conditions Quist [3]. The mixture: fenchenes was fractionated column with efficiency about 
theoretical plates, with 15-16 phlegm number, order obtain sharply boiling fractions (pressure mm), 
for which purpose three distillations were necessary. was isolated yield 39%, 
yield 34% the charge. Constants for the b.p. 43° (at mm); 1.4692; 
MRp Calculated for 43.91. 
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Chlorination B-Fenchene 


saltsand the trap was 5.15 chlorine the organic portion was 7.6 the percentage abnormal reaction 
being 80. The reaction product was fractionated column 6-7 plates, phlegm number 15-16 and 
pressure mm. monochloroterpene resulted, with the constants: b.p. 40-42% 1.0128; 


Ozonization Chloroterpene 


chloroterpene chloroform was ozonized with ice-cooling (44 liters 2.4% ozone being 
consumed), negative reaction bromine. The ozonide solution was stitred with water for hours, the 
chloroform layer separated, and the chloroform removed from it, weight the residue being About 6.0g 
the chloroketoaldehyde may have resulted. The residue was distilled under pressure about 1.10 mm. 
Most the fraction distilled off bath temperature about For was found: 1.129; 


Oxidation Chloroketoaldehyde 

stable pink coloration (140 ml). The was extracted three times with boiling water, 
the combined filtrates evaporated ml, acidified with sulfuric acid (to Congo), and extracted repeatedly 
with ether. Ether was removed from the extract, and the residue almost completely solidified mush 


needle crystals saturated with viscous liquid. The crystals were filtered off suction and recrystallized from 
aqueous alcohol constant m.p. 142-143°. 


The equivalent weight the crystals was found 93.9; the silver content the silver salt was found 
The equivalent weight for cis-apo-fenchocamphoric acid 93.0, and the percent silver 
the silver salt 54.0, Nametkin and Khukhrikova have found m.p. for this acid [4]. 


SUMMARY 

The reaction chlorine with has been investigated, The principal product has been found 

the (I), and side-product, apparently (II), which agreement with 
the reaction mechanism chlorine with terpenes proposed earlier the authors. 
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[1] Tishchenko, Gen. Chem. 20, 563 


Tishchenko and Sheina, Gen. Chem. 22, 1824 Tishchenko, Gen. Chem., 23, 
1002 


Qvist. Ann., 417, 278 (1918). 
[4] Nametkin and Khukhrikova, Russ. Phys. Soc. 47, 433 (1915). 


Received February 12, 1953. Department Organic Chemistry 


Kirov Academy Forest Technology. 


See Consultants Bureau Translation, 593, 
See Consultants Bureau Translation, 1863. 


NEW TYPES TERPENE TRANSFORMATIONS 


XVI. THE STRUCTURE AND CERTAIN TRANSFORMATIONS CAMPHENE DICHLORIDE 


one the preceding articles are given the results study the interaction between chlorine and cam- 
phene, and the structures the resulting monochloroterpenes were established that time [1]. the present 
time the authors have not investigated the structures terpenes the saturated dichlorides, products the 
reaction which result upon chlorination. However, this process not inactive. From both the 
scanty experimental data had the literature this subject, and the more extensive information the 
interaction terpenes with polar polarizing substances the time reaction, not make allowance for 
consideration that addition two chlorine atoms terpene molecule will proceed any number cases 
accordance with least change structure", nor that the terpene double bond will saturated 
with chlorine without change the basic structure. Thus Aschan indicated dichloride has the 
structure 2,6-dichlorocamphane (conversion the pinane nucleus the camphane nucleus). With the analog- 
Ous retropinacolinic acid, rearrangement proceeds with addition organic acids camphene form esters 
isoborneol possessing the camphane nucleus. similar fashion, proceeds the addition hydrogen halide 
the same time, the action non-polar reagents, for example ozone and hydrogen, does 
not lead resynthesis the terpene nucleus. The organic acids and hydrogen halides are without doubt polar 
The chlorine atom formally non-polar, but the authors, and other investigators (see preceding articles) 
have accepted the fact that polarizes during reaction.. The first product reaction should the carbonium 
cation, capable undergoing isomeric transformations, which, the case camphene, can represented 
the equation: 


The chlorine anion can pull off one more protons [1], add the cation, before after its isomeriza- 
tion. based upon the analogy organic acid addition camphene, then the camphene dichloride should 
the form 2,10-dichlorocamphane ¢etropinacolinic regrouping). and not the camphene dichlor- 
ide 

solution this reaction process possible only through the 
experimental procedure. 


Interaction camphene dichloride with large excess 
sodium ether solution, followed subsequent decomposition 
the reaction product with aqueous alcohol, gave mixture hydro- 
carbons with predominance camphane, containing addition 
new tricyclene (m.p. and some 


Synthesis camphane and bornylene indicated that camphene dichloride has the neucleus camphane, 
and not isocamphane, and that structure more probable for the dichloride. study the in- 
teraction with sodium moist ether also led the same results The removal one molecule hydrogen 


chloride from camphene dichloride structure (II) can give either the chloride tricyclene (III) w-chloro- 
camphene (IV) 


The experimental work was carried out Uvarov, member the students scientific society the 
Department Chemistry, Academy Wood Technology. 
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The dichloride will give either chlorobornylene (V), chlorotricyclene the chloride neo- 
tricyclene (VD, and 


Camphene dichloride does not react boiling solution potassium hydroxide ethanol, nor does 
react with the solution butyl alcohol azeotropic removal the evolving water assured. mixture 
monochloroterpenes formed good yield, consisting not less than 90% crystalline chloroterpenes, with 
m.p. non-oxidizable potassium permanganate and non-ozonizable addition the unsaturated 
chloroterpene. The monochlorides (III) and (IV) are liquids and are therefore excluded; also excluded the 
chloride (V) (which should oxidize and ozonize); formulas the structures (VII), and (VIII) are left for 


investigation. The melting point this crystalline chloroterpene does not coincide with any the known chloro- 
terpenes. 


This crystalline chlorotricyclene reacts readily ether solution with magnesium, with activated ethyl 
bromide, and gives the corresponding organomagnesium compound yield not less than 70%. Upon decomposing 
the organomagnesium compound with water, crystalline terpene resulted with m.p. non-oxidizable 
with water and acetone solutions permanganate, and differing from bornylene having sharp melting point 
admixture with melted without depression. but this phenomenon observed 
number cases with terpene chemistry. From its non-oxidizability with permanganate, this terpene should 
some kind tricyclene. The known crystalline tricyclenes and (X) differ from ours melting points: 


The formula for structure (XI) probable, but the possibility for structure (X) not excluded. Upon 
hydration according the method Konovalov-Bertran-Walbaum, terpene (X) should produce epiborneol, 
with m.p. 186°, and terpene (XI) can give either the neoborneol Akhmatovich with m.p. 186° [4], borneol 
with m.p. 202°, isoborneol with m.p. 212°, 10-hydroxycamphane. 


actuality, the alcohol with m.p. Neoborneol Akhmatovich gives camphor with 
m.p. 176° upon oxidation, and epiborneol gives epicamphor with m.p. 180°. Hence, both these alcohols and 
their ketone derivatives are indistinguishable from each other. The oxime camphor melts the 
bromocamphor 76°; the corresponding derivatives epicamphor melted and 133°. The oxime our 
camphor melted 117°, and the bromoderivative 74-76°; hence, our alcohol was found neoborneol, 
and our terpene has the structure neotricyclene (XI). Synthesis neotricyclene from camphene dichloride 
indicated that chlorine located position latter compound; the positions the other chlorine 


atoms removed hydrogen exchange upon decomposition the organomagnesium compound with water re- 
main unknown. 


Oxidation the organomagnesium compound oxygen gives terpene alcohol with m.p. 158-160° 
differing melting point from that any known terpene alcohol. This was secondary alcohol, since could 
oxidized the corresponding ketone, with m.p. about and: since did not react with phthalic 
anhydride boiling benzene, but reacted boiling xylene form the phthalate, melting 104-105° (phenyl- 
urethane with m.p. 94-95°); consequently structure eliminated. The semicarbazone the ketone melted 
208-209°, and was distinguished its melting point from the semicarbazones ketones Upon 
hydrogenation, the authors’ new alcohol gave the corresponding diol which could oxidized the 
ketopinic and carboxyapocamphoric acids, which feasible only for the structure 10-dihydroxycamphane: 


1474 


‘OH 


This 2,10-dihydroxycamphane melted 172-178°, and was distinguished its melting point from the 
known dihydroxycamphanes 2.5- 2,3- the same fact, the cam- 
phene dichloride possessed the structure (I), 


There described the literature dichloride accepted for 2,10-dichlorocamphane, the Komppa di- 
chloride with m.p. 58°, obtained the action hydrogen chloride upon tricyclene (XII) 


This dichloride the synthetic method could have the structure (I), and such case should the stereoiso- 
mer our camphene dichloride. course, final solution the problem the structure the Komppa dichlor- 
ide can only found from the experimental approach, perhaps even the conversions developed the authors. 


The neotricyclenol obtained the authors, with m.p. may have the structure (XIII) (XIV): 
‘OH 


Its structure was not proved the authors, due lack time, but can proved oxidation the 
alcohol; upon oxidation with permanganate, the (XIII) should give dicarboxylic acid, the alcohol (XIV) 
should give ketopinic acid, and from the acid. 


Synthesis camphene dichloride was described earlier [1]. After two three recrystallizations from 
methanol or.ethanol, m.p. was obtained, which remained constant after subsequent recrystalliza- 
tions. 


Synthesis Chloroneotricyclene 


675 dichloride was heated boiling with solution 280 potassium hydroxide one liter 
butanol. The reflux condenser was connected with the reaction flask through water trap. water had 
separated after hours. flask contents were mixed with liter water, the oily layer removed, washed 
with weak hydrochloric acid, dried with potash, and fractionated column with 7-8 theoretical plates 
phlegm number 8-10 pressure. After distilling off the butanol, there resulted 266 fraction with 
b.p. (the monochloride), intermediate fraction, 79-90°, and 250 camphene dichloride. 
The wastreated for second time with potassium hydroxide butanol. After final fractionation, 431 
monochloride resulted with m.p. 77-79° mm. 


Standard bromine solution was added weighed portions the monochloride the amounts 0.5193 
and 4368 dissolved chloroform and cooled with snow, permanent color; the amount bromine 
used was 03290 and 0.0278 respectively, which corresponded content about 
with double bond. the fraction. 


the monochloride fraction was ozonized carbon tetrachloride with ozone passed through, 


calculated the basis one double bond the monochloride. After decomposition the ozonide solution 


with water, and fractionation the reaction products, was found that least 70% the initial monochloride 
failed react with the ozone. Analysis the monochloride gave: 


1.035; 1.4884; 47.29; Calculated 47.12. 


Upon cooling the fraction began crystallize. was cooled and filtered with vacuum 
the same temperature. 188 solid chloride resulted. and liquid chloride. The solid chloride was 
pressed off room temperature, after which melted with camphor aroma. quite volatile. Its 
chloroform solution did not decolorize bromine solution; solution the liquid portion, however, 
The liquid portion was fractionated repeatedly the same column with phlegm number 
fraction was collected with b.p. 31-77°, the main fraction being solidifying 
the solid chloride was removed and the liquid portion which solidified partially 320 
solid chloride resulted, melting 


Oxidation solid and liquid monochlorides. portions 0.1464 and 0.2894 respectively, 
were dissolved acetone, which was added acetone solution potassium the first 
case, 0.2 was added over period minutes stable color, and the second case, 2.2 over 
period 120 minutes. Hence, about chloride with one double bond was present the solid chloride, and 
the second, about 


Purification the liquid chloride oxidation. solution permanganate acetone was added 
sulted, which solidified completely After pressing out paper, m.p. 23-24°. 


Synthesis Camphane and Bornylene from Camphene Dichloride 


sodium thin ribbon was put into 400 dry ether, and the dichloride added slowly 
through reflux condenser. The flask was heated the boiling point ether for hours, and the alcohol was 
then added slowly dissolution sodium excess, and the flask contents distilled with steam. The ether layer 
the distillate was separated, dried with calcium chloride, and fractionated. The fraction with b.p. 145-160° 
solidified completely the cooler, its m.p. and did not contain chlorine. Half the fraction (3.7g) 
was recrystallized three times from alcohol m.p. 151-154° the fourth crystallization not changing the 
melting point. The second half was heated with sulfuric acid 100°. The crystals which sublimed 
into the reflux condenser (1.5 had m.p. 148-150° (in sealed capillary), and after two recrystallizations 
from alcohol, unchanging m.p. 


87; H13. 


nydrocarbon was isolated from the alcoholic mother liquors, which melted from 100 113°. 1.85 
permanganate 570 water for hours, after which the large unreacted excess permanganate was decom- 
posed with hydrogen peroxide, the manganese dioxide removed with suction, the alkaline solution evaporated 

ml, and acidified (to Congo), followed extraction with ether. Ether was removed from the extract, the 
small crystalline residue was recrystallized from hot water. 0.3 needle crystals resulted, with m.p. 200-201°, 
and the gram-equivalent 100.1 corresponded camphoric acid. 


Proof the presence neotricyclene the products interaction camphene dichloride with sodium. 


camphene dichloride was dissolved 400 dry ether, and sodium thin strips was grad- 
ually introduced into the solution. After hours, all the sodium had reacted. 400 water was introduced 
into the flask, the ether layer removed, dried, and fractionated. The fraction with b.p. 145-170° solidified the 
cooler (22.6 g). was rolled over paper evaporate the readily-volatile camphene, the the residue 
being 12.1 which was oxidized acetone solution 2.5 permanganate, after which procedure the acet- 
one was distilled off, and from the distillate the hydrocarbon distilled off with the acetone precipitated 
m.p. 90-98°). These grams were dissolved, with heating, alcohol, and upon cooling, 
feathery crystals precipitated, which melted, after prolonged drying over potassium hydroxide, 


-On hydrogenation these crystals (see below), neoborneol resulted, with m.p. the phenylurethane 
was 


The Interaction Chlorotricyclene with Magnesium. 


magnesium shavings was placed flask, equipped usual, and tovered with ether, after which 
chloride was introduced, iodine crystal, and ethyl bromide; after start the reaction, 
tion ethyl bromide and 300 the chloride 500 dry ether was added over period hours, 
with stirring and water cooling, after which mixing was continued for another From aliquot portion 
the solution titrated, 1.33 g-equiv. organomagnesium compound was found, the yield being 71%. The 


tion was decanted off from the excess magnesium, the magnesium \washed with ether, and the solution combined, 
total volume 1250 ml. 
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500 this solution was dissolved water, the ether layer separated, and the ether removed from it, 
the weight residue being The ether was distilled, the residue dried with powdered potassium hydroxide, 
and distilled fractinnating column, From the residue there was obtained 4.5 neotricyclene, with m.p. 
108-110°. was volatile with vapors moist ether. 


residue was fractionated. There was obtained: 146° 160-235° 
11.2 residue neotricyclene (see above) was added the main fraction and 33.3 (see below) 
and 79.6 were fractionated. Result: 108-112°; 147.5-148.5° 38.1g, b.p. 
Ill) m.p. IV) 160-235° residue 18.4.g. Fraction distilled almost completely 
upon the second distillation. With the same fractionating set-up and thermometer, known bornylene 
distilled 146°. Fraction did not dissolve alcohol the cold, but dissolved upon 
boiling. After cooling, feathery crystals precipitated, m.p. 110-112°, after drying over alkali. Several 
drops water was added the heated mother liquor, the crystals (2.7 which precipitated the cold, melting, 
after drying, and the subsequent crystals (3.1 also 110-112° the last precipitate (0.7 


The terpene contained small impurity unsaturated hydrocarbon: 15.5 Fraction was dissolved 
pure acetone, and the solution was added acetone solution permanganate; very rapid re- 
duction occurred then more slowly, and there was decolorization after minutes. 
The manganese dioxide was filtered off with suction, the solution diluted with water, the terpene filtered off 
suction, dried over potassium hydroxide, and distilled from the flask through fractionating column. distilled 
almost completely 148-148.5°, m.p. 110-111° the same time, the oxidizability was verified 
the Meerwein method [6]; the weighed portion was 0.598 which reduced rapidly ml, the experiment then 
being terminated. 


The residue from the first distillation (18.4 was fractionated mm, and distilled almost completely 
about 180°, solidifying completely the container. After three rom ethanol, stable m.p. was 
attained, 


The substance acetone solution did not reduce the permanganate, was recognized dineotricyclenyl. 


750 ether solution the organomagnesium compound was oxidized with oxygen, liters oxygen 
being absorbed, the absorption then slowing down sharply. The reaction product was decomposed with water and 
weak acetic acid neutral reaction litmus, the ether layer removed, dried with potash, and the ether distilled 
8-10 theoretical plates, weight the residue being 183 From this 33.3 neotricyclene was 
sublimed mm, and added the above synthesized. The residue was distilled mm, the main fraction 
boiling solidifying immediately the container (alcohol); the next narrow fraction boiled 172- 
175° mm, solidifying completely the receiver, and after double recrystallization from alcohol, melted 
(dineotric 


Fraction was filtered off with suction from small quantity liquid, white crystals with 
camphor aroma, 132~145°, quite readily dissolved all organic solvents, for example, dissolved 
ethyl alcohol, and did not crystallize out upon cooling Crystallization was successful from acetone 
methyl acetate upon evaporation the solvent standing open conical flasks; the case acetone, con- 
stant m.p. was reached and the case methyl acetate, long flat, lustrous needles. 


78.9; 10.5. 


Acid Phthalic Neotricyclenol Ester, The ester did not result boiling benzene, the alcohol apparently 
not being primary; the alcohol, phthalic anhydride and xylene were heated for hours 
boiling temperature, water then added and the cooled reaction product neutralized with alkali phenolphthalein. 
The aqueous layer was separated, filtered, and acidified with hydrochloric acid. rapidly crystallizing oil re- 
sulted The crystals dissolved completely hot gasoline (b.p. 70-1009, needles upon 
cooling. third and fourth crystallization gave crystals with 


0.1568 substance: Found: g-equiv. 301. Calculated: g-equiv. 300. 


Phenylurethane Neotricyclenol, the alcohol and phenylisocyanate were sealed together and 
heated for hours the excess phenylisocyanate then being distilled off vacuo, the solidified residue 
ground with water, and after hours pressed out paper and from gasoline unchanging 
(hard prisms, four recrystallizations). 


Hydrogenation Neotricyclene. the terpene with m.p. glacial acetic acid and 
50% sulfuric acid were heated reflux (bath temperature the cessation terpene sublimation 
hours), water was added the reaction product, extraction with petroleum ether was carried out, 
followed drying with potash and fractionation. 37.5 liquid fraction resulted with b.p, mm. 
was saponified hours boiling with alcoholic ml) solution potassium hydroxide; after 
with water, the solid alcohol (28.1 was filtered off suction and recrystallized from benzene. After third 
recrystallization, there was attained constant 


composition and melting point, the alcohol could considered the neoborneol the 


Phenylurethane the Alcohol. the alcohol and 0.8 phenylisocyanate were sealed and heated for 
hour boiling water bath. Everything solidified completely. After three recrystallizations from gasoline with 
there was obtained unchanging m.p. point the neoborneol phenylurethane 
was the epiborneol, 94-96°[7]. The alcohol can considered neoborneol. 


Oxidation the Alcohol the Ketone. alcohol was dissolved 100 ether, and this solu- 
with water cooling and stirring there was added solution 4.5 chromic anhydride and sulfuric 
acid water; the ether and ketone were then flushed out with steam, and ether removed from the ether 
layer the distillate, weight the solid residue being 8.4 did not give aldehyde reactions, was readily 
dissolved all and after drying over sulfuric acid, gave m.p. 


The Oxime the Ketone. the ketone, hydroxylamine hydrochloride and sodium hy- 
droxide were heated boiling for hour. The solution was then diluted with water and 
neutralized phenolphthalein. The oxime was pressed out paper and distilled with steam. The crystalline 
distillate the condenser, after drying over sulfuric acid, melted 98-110% Two recrystallizations from al- 
cohol raised the m.p. 115-117°, third did not change the melting point. The oxime the camphor had 
m.p. 117°, the oxime epicamphor 94° 


The bromoketone [8] was obtained from the alcohol; after four recrystallizations from gasoline- 
ether mixture, unchanging m.p. was attained. The m.p. the bromocamphor was the 
bromoepicamphor, The initial alcohol was found the same fact structure 
proven for the neotricyclene. Since the camphene dichloride,upon interaction with sodium, also gives the 
neotricyclene the structure (see above) should assigned the 


Oxidation Neotricyclenol the Corresponding Ketone. 


the alcohol with m.p. 156-158° ether, with stirring and cooling. The reaction product was then flushed 
out with steam, and the residue (6.3 obtained from the ether layer the distillate after drying with potash and 
the ether, was fractionated. 4.5 solid product, with b.p. resulted. After pressing out 
paper and drying over solid potassium hydroxide, m.p. 142-144°. The substance had camphor odor and was 
quite rapidly volatilized; did not give aldehyde reactions. Its semicarbazone resulted hours boiling with 


solution semicarbazide acetate, and brought crystallization from benzene stable melting point 
208 


Hydration Neotricyclenol Camphanediol-2, 10. 


the alcohol with m.p. 156-158°, acetic acid and 1.5 50% sulfuric acid were heated 


boiling water bath for hours, and then after diluting with water 300 ml, unreacted alcohol distilled 
out the solution with steam, 3.5 was distilled, m.p. 


The aqueous solution was evaporated vacuum 100 ml, crystals and oil resulting, crystals (13.5 not 
neutralizing alkali upon boiling, the oil neutralizing. Evidently, upon distilling with steam the presence 
sulfuric acid, the dioldiacetate saponified completely. The oil was saponified boiling with alkali, the 


reaction product solidifying. and the first crystals, were crystallized separately the solution 
unchanging m.p. 172-173° (four 


Oxidation 2.6 the diol 300 water was oxidized boiling bath 
addition solution permanganate pink color stable for 30minutes. 315 ml, about 9.45 
was used. The manganese dioxide was filtered off with suction, the alkaline solution evaporated 
and acidified with hydrochloric acid Congo (hard prisms) resulted, with m.p. 
crystallizations from alcohol, was possible bring the melting equivalent weight 
183 (ketopinic acid, equivalent weight Since ketopinic acid gives carboxyapocamphoric acid, 
199-201° and equivalent weight 76.6, with nitric acid (sp. gr. 1.40}, all fractions, including the crys- 
tallized 1,38 primary precipitate, and the 1.25 acids, with extracted with alcohol from 
the mother liquor from the first precipitation, were heated with nitric acid gr. 1.40) cessation 
nitrogen oxide evolution (12 minutes). 1.45 needle crystals precipitated from the cooled solution. They were 
filtered off vacuum, washed with small quantity water, and dried 100°to constant weight. M.p. 199- 
201°, with the evolution carbon dioxide, equivalent weight 75.7.(0.0614 the substance, 8,1 
The acid was found the 


The structure camphene dichloride has been studied, and has been demonstrated 
dichlorocamphane. Its formation from camphene proceeds with retropinacolinic rearrangement, which per- 
mits deduction relative polarization the chlorine molecule the moment its reaction with the 
double bond 


Upon interaction with excess sodium, 2,10-dichlorocamphane gives camphane, neotricyclene and 


-some 


hydrogen chloride molecule from 2,10-dichlorocamphane the present time indicates 
chloride either neotricyclene (VI), 


Decomposition the organomagnesium compound with water gives neotricyclene 
unknown the present time, and oxidation the organomagnesium compound with oxygen gives new 
tricyclic alcohol, with 


Hydration this alcohol gives camphanediol-2,10, not described until 
LITERATURE CITED 

Aschan, Ber., 61, (1928). 

Wagner, Russ, Phys. Soc, 35, 535 (1903); Bredt, prak. Chem. 95, 133 (1917). 
[4] See Krestinsky, Gen. Chem. 415 (1937). 

[5] Ber., 62, 1366 (1929), 

Meerwein, Ber., 55, 2529 (1922), 
Lipp, Ber., 68, 249 (1935), 

[8] Keller, Chem. Ztg., 156. 


February 11, 1953 Organic Chemistry 
Kirov Academy Forest Technology. 


- 


THE PROBLEM METALLOORGANIC COMPOUND FORMATION 
INTERACTION AROMATIC SILANE WITH METAL CHLORIDES 


Ill, FORMATION THE COMPOUND INTERACTION 


was mentioned earlier that the interaction phenylchlorosilanes with [1], and some cases with 
[2], accompanied rupture the bond, with simultaneous formation the aromatic aluminum, 
and, evidently, unstable organoiron compounds, was interest, therefore, explain the relationship phenyl- 
chlorosilanes the chlorides antimony and whose interactions have not hitherto been investigated. 


Experiments have indicated that contrast and not found dearylating agent, 
actuality, if, for example, diphenyldichlorosilane ruptures 30°, then will not react with 
it, even 


However, the case was found that rupture diphenyldichlorosilane proceeds very readily 
normai temperature. Upon mixing diphenyldichlorosilane, both molar ratio and with excess moles), 
intense reaction observed, accompanied heat evolution and appearance orange coloration, The products 
this reaction were found phenyltrichlorosilane, chlorobenzene and This indicated that 
reacts with molecule diphenyldichlorosilane with rupture the bond only, independently the pres- 
excess, The latter was also confirmed special experiments the study the interaction 
phenyltrichlorosilane with SbCls, which have demonstrated that reaction between them does not occur, even with 
heating. 


Analogous results were observed for the reaction with and also 
obtained organomagnesium synthesis: 


normal temperature. From the reaction products this case were obtained p-chlorophenyltirchlorosilane 
(identified the corresponding resin), and 


the results obtained made possible assume that rupture diphenyldichlorisilane and 
its halogen derivatives antimony pentachloride proceeds according Equation (1), with formation in- 
termediate, unstable under normal conditions, organoantimony compound, readily decomposed the 
according Equation (2) (Ar Aromatic radical), 

This assumption was successfully proved 


rupture carried out lowered temperature then formation, for example, phenylstibintetra- 
chloride, resulting from such procedure, can easily proved conversion which was iso- 
lated yield 55% theory. 


(3) 


Consequently, the described interaction aromatic silanes with proceeding readily under the condi- 
tions described found new synthetic method for aromatic stibines. 


Thus, the accuracy the proposed rupture mechanism diphenyldichlorosilane and its derivatives SbCl, 
under normal conditions, indicated Equations (1) and (2), confirmed not only the possibility isolating 
the corresponding silicon-containing rupture products phenylchlorosilane, but also the proved formation 
organoantimony compounds. 


indeed obvious that the interaction their derivatives with proceeds 
according mechanism similar the interaction mechanisms phenylchlorosilanes with and 
Actually, the case all three these chlorides, the rupture aromatic silanes them proceeds very easily, 
and the reaction products are found the one hand (SiCl, and 
and the other, organic compounds aluminum, antimony iron. 


According their dearylating activity, the indicated chlorides can artanged the following decreasing 
order according which there observed this some other degree ease rupture 
the bond aromatic silanes. 


EXPERIMENTAL 


Interaction Diphenyldichlorosilanewith 


5.25 mole) antimony trichloride, purified beforehand vacuum distillation, was 
(0,02 mole) diphenyldichlorosilane. The mixture was heated for hours 150-200°, after which the reaction 
products were distilled vacuo. The resulting fractions were: b.p. 80-90° b.p. 


Upon standing, the first fraction crystallized; upon repeated distillation, 4.6 antimony trichloride was 
isolated. The antimony found was theory 53.3%. Upon repeated distillation the fraction, 4.0 
colorless liquid resulted, with sharp odor, and b.p. mm, representing unchanged diphenyldichloro- 
silane. 


6.0 (0.02 mole) antimony pentachloride was added gradually 5.0 (0.021 mole) 
Upon mixing the reactants, strong heat evolution (up 80°) was observed the 
tion mass, with color change orange. After addition the total amount antimony pentachloride, the mix- 
ture was heated for hours The was distilled vacuo, wherein fraction with b.p. 
70-105° was isolated the amount 7.5 which, upon standing, crystallized partially. The crys- 
tals which separated from the liquid portion upon cooling were found antimony trichloride (3.0 g). The 
liquid portion was treated with water and distilled with steam. The water distillate contained crystals which, af- 
ter separation from water, and recrystallization from petroleum ether, had m.p. 53°, and were p-dichlorobenzene. 


The residue the distilling flask was transparent resin, whichfrom its chlorine and silicon contents, cor- 
responded the resin isolated from monochlorophenyltrichlorosilane. 


0.1276 substance: 0.1078, 0.1131 0.2001, substance: 0.0723, 0.0759 


From the quantity reaction products isolated, follows that rupture ichloro- 
silane antimony pentachloride under the conditions given, proceeded the average 80% completion. 


Interaction Diphenyldichlorosilane with 


pentachloride, precooled was gradually added 5.0 (0.0197 mole) diphenyldichlorosilane, also 
precooled The reaction mass, first dark-green color, rapidly changed 


The mixture was twice treated with concentrated hydrochloric acid saturated with hydrogen chloride, with 
cooling, remove antimony trichloride, the formation which was expected because partial rupture 
phenylstibinetetrachloride The hydrochloride solution, upon dilution with water, produced white precipitate 
_of antimony oxide, soluble concentrated hydrochloric 


Subsequent treatment the mixture with water, and cooling, led formation copious precipitate, white 
color, and viscous tar, which was extracted with ether. The ether layer was separated, and the ether distilled off. 
After distilling off the ether, 2.0 (78.4% theory) resulted the resin, which corresponded analysis silicon 
content the resin which resulted from phenyltrichlorosilane. The silicon found was 20. theory 21.7. 


The white-colored precipitate contained the water layer (after separation the ether layer) was filtered off, 
washed several ether, then with water, and dried, analysis the antimony content (found 
theory, and from the properties(an amorphous powder, insoluble water, soluble aqueous ammonia, 
soda, alkaline hydroxide and glacial acetic acid), the substance corresponded phenylstibinic acid. 
55% theory, resulted. 


{0.039 mole) diphenyldichlorosilane, There occurred strong heat evolution the mixture, and formation 


dark-orange color, suitable treatment (see preceding experiment), 15.5 antimony trichloride and 
liquid with b.p. resulted, identified from its boiling point and 1.1069) chlorobenzene. 
The chlorine found was 31.1%, theory 31.5. The yield chlorobenzene was 81.4% theory. 


The residue the distilling flask after distilling with steam was transparent resin, which, analysis, the 
silicon content, corresponded the resin which resulted from The silicon found was 
theory 


SUMMARY 


The interaction antimony trichloride and pentachloride with phenyltrichlorosilane, 
silane and its have been studied 


has been found that contrast the primary chlorosilanes, the secondary are very easily ruptured an- 
timony pentachloride, such manner that the primary aryltrichlorosilane formed, the antimony trichloride 
splitting the aryl radical from it,thus transforming’ the corresponding chloroderivatives. 


has been proved that the mechanism the interaction aryldichlorosilanes with 
antimony pentachloride consists disproportionation reaction between them, which the 
formation unstable arylstibinetetrachloride,which decomposes under normal conditions into antimony 
chloride and the arylchloride. 
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INVESTIGATION THE ALKALOIDS SPECIES 


ALKALOIDS FROM THE SPIRAL RAGWEED (SENECIO SARRACENIUS) 


the laboratory, investigations have been carried out chiefly upon various species ragweed grow- 
ing the Caucasus and Middle Asia. study the alkaloids isolated from various species ragweed [1] 
without doubt theoretical and practical import. Suffice point out that platiphyllin [2] from the broadleaf rag- 
weed used medical practice spasmolitic and agent for decreasing blood pressure. was, therefore, 
interest study various species ragweed growing other reglons the Soviet Union. 1949, the 
expedition, under the leadership Massagetov, collected the Altai the above-ground portions spiral 
ragweed (Senecio sarracenius) during the blossoming phase. The plant was collected the banks the River 
Bukhtarma August. This perennial grassy plant wide-spread the area water basins. occurs Western 
Europe, the European section the USSR, and Siberia. 


The spiral ragweed contains considerable quantities alkaloids, from 0.8 Isolation the alkaloids 
was carried out the usual method, namely, extracting the plant with dichloroethane, moistened beforehand with 
ammonia, and extracting the bases from the alkaline solution, first with ether, and then with 
ture alkaloids resulted from the ether solution the form viscous mass. The crystalline bitartrate base, 
having 179°, was obtained from the mixture using aicoholic solution tartaric anhy- 
drous base was obtained from the bitartrate the form colorless liquid, turning yellow rapidly the light. Upon 
mixing several drops water, the base converted powder. After recrystallizing from water, 
The composition the anhydrous base was composition, the base isolated was isomeric 
with platiphyllin, but not identical with it. From its properties, and also from the properties the salts, the alkaloid 
isolated differed from the bases described, and was named the authors, Sarracin readily soluble al- 
cohol, ether, chloroform, poorly water, forming crystalline picrate, m.p. contains hydroxyl 
group, and does not contain the methylimidine group. decolorizes readily solution potassium permanganate. 
with other alkaloids isolated from various ragweed species, sarracin has the properties ester, Upon heating 
with alkali, decomposes into aminoalcohoi and organic 


The aminoalcchol isa crystalline compound with m.p. 151 -152° and decom- 
poses readily water, alcohol, poorly soluble chloroform, and almost insoluble ether and petroleum ether. 
forms picrate with m.p. The properties the aminoalcohol and its salts coincide exactly with the 
properties platinecine, which was obtained Konovalova and Orekhov hydrolysis 
direct comparison both bases, the authors have established their exact identity. 


the result, the aminoalcohol resulting from hydrolysis sarracin has been found platinecine [3], 
for which the following structure has been established: 


HOHC 


CH,. CH, 


The unsaturated properties sarracin are explainable the presence double bond the esterifying 
acids. Thus, sarracin differs from platiphyllin the nature 


Considering the fact that the alkaloids separated from various ragweed species, and the closely-related alka- 
loids from are frequently found plants the N-oxide form, can assumed that N-oxides the 
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alkaloids spiral ragweed are also present. fact, extracting the alkaloids from the plant chloroform, with- 
out ammonia pre-moistening, the authors isolated substance which possessed almost neutral character, whereas 
alkaloids possessing basic properties that were present salts the plant were not extractable 
this way, asecond alkaloid the composition was isolated, containing one more oxygen than sargacin. 
This new alkaloid, after recrystallization from acetone, had 123-124° and dissolved 
readily water and alcohol, and with great difficulty ether. formed crystalline picrate with 


and chloroaurate with m.p. Upon with zinc dust hydrochloric acid medium, 
converted sarracin. 


All the indicated properties the newly isolated alkaloid permitted the assumption that oxygen atom 
directly connected with nitrogen the molecule, and therefore the N-oxide confirm the 
curacy this assumption, the N-oxide sarracin was synthesized reacting with hydrogen peroxide. 


direct comparison the substance resulting this procedure with the N-oxide sarracin demonstrated their com- 
plete identity. 


The authors found further work that total alkaloid extraction from ragweed more convenient with 
isopropyl alcohol acidified with acetic acid. Under these conditions, isopropyl alcohol also extracts the N-oxide 
form sarracin well sarracin itself, Reduction the total isolated bases with zinc dust hydrochloric acid 
medium gave sarracin amount for additional study. 


EXPERIMENTAL 


Isolation the Alkaloids. Dry, finely powdered plant, the amount kg, was exhaustively extracted 
with isopropyl alcohol, which was added acetic acid the volume alcohol). The alcohol was distilled 
vacuo residue thick consistency. The latter was dissolved benzene. The benzene solution was 
extracted several times with 10% sulfuric acid The acid solutions were combined, filtered, washed separa- 
tory funnel, first with benzene and then with ether. The hydrochloride solution alkaloids was alkalized with 
ammonia, with cooling, alkaline reaction for phenolphthalein, and extracted with ether. this 
cedure considerable portion the sarracin (I) converted the ester. 


The aqueous solution was then extracted with ether, acidified with sulfuric acid acid Congo reaction, 
and reduced with zinc dust, using mechanical stirring. The acid solution resulting from reduction the N-oxide 
was alkalized with ammonia and extracted, first with ether and then with chloroform The ether solutions 


and were combined and dried over distilling off the ether, 147 alkaloids resulted the 
form light-brown colored viscous mass. 


The solution was dried over After distilling off the chloroform, dark-brown 
colored resinons bases resulted, was not possible obtained any characteristic salts. 


Synthesis the Sarracin Salts, The 147 alkaloids obtained after distilling off the ether were dissolved 
120 alcohol, and the alcoholic solution was added tartaric acid dissolved 200 alcohol, 
mixture was heated boiling The resulting sarracin bitartrate was filtered off with suction and washed 
with alcohol. After three crystallizations from alcohol, 1:10, sarracin bitartrate resulted with 
additional sarracin bitartrate was isolated from the mother liquors. 


732.0 mm). 9.215 substance: 0.239 734.0 mm). 54.29, 53.89; 

6.82, 6.75; 2.89, 2.91. Calculated 54.20; 6.77; 2.87. 


Isolation Base from the Bitartrate. sarracin bitartrate was dissolved water. 
aqueous solution was with 25% ammonia the presence ether. The base which separated 
out the form colorless oily drops readily dissolved ether. The ether solution was filtered. 6.5 sarracin 
resulted after distilling off the ether. After recrystallizing twice from water, resulted with m.p. 


0.39 CH, (26°, Found%: 64.17; 8.19; 4.15, 4.07; 5.50, 5.30. 


For analysis the compound was taken the basis water crystallization. 


Picrate, 2.8 sarracin base was dissolved alcohol. acid was added the sat- 
urated alcoholic The sarracin picrate which separated out was filtered with suction and washed with al- 
cohol, After recrystallizations, from alcohol (1:3), the m.p. the picrate was 


2.855 substance: 5.339 1.379 4.785 0.418 (24.5°, 736.0 mm). 


Sarracin N-oxide from the Plant. The alkaloids were exhaustively extracted chloroform from 
pulverized plant. The chloroform extracts were combined and extracted with sulfuric acid. The acid 


was filtered off and alkalized with ammonia, with cooling. The from the alkaline solution were 


extracted with chloroform. chloroform extract was dried over anhydrous sodium sulfate. After distilling off the 
chloroform, 1.8 alkaloids resulted, which constituted 0.25% the total plant weight taken. After 
lizations from acetone, the the sarracin N-oxide was The oxide was water and 
alcohol and poorly ether and 


Sarracin N-Oxide Sarracin the amount 1.5 was dissolved alcohol. sat- 
urated alcoholic solution picric acid was added the solution. The picrate separated out precipitate upon 
rubbing with glass rod. After recrystalizing three times from alcohol, m.p. was 


2.990 substance: 5.364 1.424 0.355 substance: 0.378 736.0 mm) 


The Chloroaurate Sarracin N-Oxide. Sarracin N-oxide the amount 0.2 was dissolved 
10% hydrochloric acid, which was added aqueous solution The resulting chloroaurate precipi- 
tate was filtered off with suction and washed acid. After one recrystallization from acidified 
water, the was The chloroaurate the N-oxide unstable salt. With heating and upon long 


standing the light, decomposes readily. 


3.626 substance: 1.059 Au. 5.555 substance: 1.607 Au. Found 29.20, 28,93. 


Reduction Sarracin N-Oxide with Zinc Dust. Sarracin N-Oxide the amount 0.5 was dissolved 
sulfuric acid. zinc dust was gradually added the solution with stirring. The resulting 
solution was filtered, alkalized with ammonia and extracted with ether. Atter distilling off the ether, 
sarracin resulted with m.p. Due purifying and identifying sarracin the base, the 
tartrate was obtained, The latter, after recrystallization from alcohol, melted and did not give 
melting point with sarracin bitartrate isolated from the plant. 


Oxidation Sarracin with Solution Hydrogen Peroxide. hydrogen peroxide was added 


1.3 sarracin base. The mixture was left room temperature for hours, After lapse the indicated time, 
all the into solution. The acid aqueous solutilon was alkalized with ammonia, with cooling, and 
extracted with Non-oxidized sarracin went into the ether. After extraction with ether, the aqueous solu- 
tion was extracted with chloroform. The chloroform solution was dried over anhydrous sodium sulfate. After 
distilling off the chloroform, 0.38 substance, with was obtained, which did not give depression 
melting point with sarracin N-oxide isolated directly from the plant. 


Hydrolytic Rupture Sarracin. 0.5 alcoholic potassium hydroxide solution was added 4.3 
sarracin, and the mixture boiled over reflux for hours. The alcohol was distilled off dryness. The residue 
was acidified with 10% sulfuric acid and extracted with ether. The ether solution was dried over anhydrous sodium 
sulfate. After distilling off the ether, 2.5 viscous non-crystalline acid was obtained. The acid aqueous solution 
which remained after extraction with ether was alkalized with 25% alkali, and was then extracted first with aher and 
then with chloroform. The ether and chloroform solutions were dried over anhydrous sodiumi sulfate. 


After distilling off the ether, 0.5 the liquid aminoalcohol resulted, which formed picrate, 
264-266°, with solution picric acid. The properties the liquid aminoalcohol and its picrate 


coincided with the properties anhydroplatinecin and the picrate the There was depression upon 
determining the melting point mixture the liquid aminoalcohol picrate from the spiral ragweed with an- 
hydroplatinecin picrate. After distilling off the chloroform, 1.2 crystalline aminoalcohol resulted with 
After recrystallizations from acetone, m.p. 151-152°. Readily soluble water and alcohol, 
poorly acetone and ether, aimost insoluble petroleum ether. With alcoholic solution picric acid, 

formed crystalline picrate with 


depression was observed determining the melting point mixture the aminoalcohol from spiral 
ragweed with platinecin obtained saponification platiphyllin, nor for mixture their picrates. 


Analyses were carried out the microanalytical VNIKhFI under the supervision 
Kolpakova. 


SUMMARY 


Two new alkaloids, sarracin and sarracin N-oxide,C have been isolated 
from the spiral ragweed (Senecio sarracenius). 


has been determined that sarracin represents ester platinecin and organic acids. 


Sarracin picrate and bitartrate have been obtained, well the picrate and chloroaurate sarracin 
N-oxide. 
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SPECTROGRAPHIC INVESTIGATION CARDIAC GLYCOSIDES FROM HELLEBORE 


Ya. Tropp, Yu. Shostenko and 


The cardiac glycosides reptesent group rather valuable medicinal substances, Because the complexity 


structure, the ease rupture, and the isomerizability cardiac glycoside molecules, and also since they occur 


very small amountsin plants, their chemical study, represented series works (see reviews (1, still far 
from 


The purpose the present work was utilize spectra the ultra violet for investigation new 
cardiac glycosides, and attempt their utilization for analytical determination the the objects in- 
vestigation, new crystalline glycosides from the phyto-chemical laboratory the Research Chemico- 
Pharmaceutical Institute were taken Kolesnikov and Tropp [3], from the roots the caucasian 
and the red (Helleborus and The first them was named corel- 
borin and the second, corelborin study the two glycosides the authors indicated [3], gave some grounds 
for belief that the two glycosides belong glycosides the scillarene group, isolated for the first time from do- 
mestic raw material, 


EXPERIMENTAL 


Investigation the absorption spectra for the cardiac glycosides, and their transformation products, was carried 
out with the help quartz spectrograph ISP-22. arc between the electrodes and tungsten steel served the 
light source, The glucose solution was placed cell with variable absorption layer thickness. The solvents used 


and ethyl alcohol appropriate manner, and their optical transparency verified spectro- 


graphic means the 2200-4000 range. The original glycosides were pure, crystalline substances, constant melt- 
ing points. 


obtain the absorption curves, the authors took spectrograms based upon minimal exposure time for the 
solvent [4]. Solutions the substances investigated and the solvent were successively photographed absorption 
layer thicknesses 0.5, 2.5 and 5cm. Exposure for the solvents was seconds, and for the solutions, from 
100 


X-ray film sensitivity 250, was used, which was placed the frame 
special holder avoid bending. The photometry was carried out means magnifying glass. For con- 
venience visual photometry, necessary that the solvent spectrum situated the photograph exactly be- 
neath the solution spectrum (without any break between them). this requirement, the authors prepared 
special diaphragm with two horizontal openings, one shifted relation the other, and arranged such manner 
that the upper limit one aperture went into the lower limit the other. 


The length each aperture was 0.8 mm. The use such aperture ensured the obtaining spectral pairs 


eliminate possible errors, photographing the absorption was carried out from one direction 
shifting the frame. addition, verify reproducibility results, the same absorption was photographed 


and photometered several times. The concentration solution investigated was moles/ liter, 
EVALUATION RESULTS 


Absorption curves for corelborin and corelborin ethanol are given Fig. These curves have 
characteristic maximum 3000 and minimum about 2475 similar maximum also found for the 
absorption curves hellebrin and glycosides from theblack hellebore which wereisolated and 
studied Karrer and Schmut [5]. These circumstances, together with the results other experiments {3], have 
given the basis, has already been indicated, for referring both glycosides that group glycosides which pos- 
six-membered unsaturated lactone ring with conjugated double bonds, inasmuch the glycosides 


Yanova participated the experimental part the work. 


Fig. Absorption Curves. 


five-membered lactone ring (two conjugated double bonds), according both the literature [2] and the authors’ 
data, (Fig. 1), have characteristic maximum the range 2200-2300 


The close similarity 
the two curves presented Fig. 
speak for the close resemblance 
structure the two glycosides 
from hellebore; the same time, 
however, they differ much from 
other (minimum position 
2475 that there doubt 
about the fact that they belong 
two different substances. The 
higher value, log the range 
2350-2750 for corelborin 
apparently related the pres- 
ence additional sugar mole- 
cule the molecule (as compared 
corelborin K), which increases 
the intensity absorption this 
range the expense additivity 
absorption. the same Fig. 
absorption curves are given for 
two other individual glycosides 


domestic manufacture, isolated the authors and convdloside, differing from corelborin and 
corelborin only the respect that they possess lactone ring instead six-membered lactone 
this case, also the range 2340-2500 the convalloside absorption curve which contains one more sugar 


molecule than convallatoxin lies above the curve the latter. 


comparison the Fig. curves shows clearly the extent which the absorption spectra cardiac glycosides 


depend upon the structure the lactone ring. The introduction one additional conjugated double bond shifts sharply 


the absorption curve into the 
long wave length region. This fact 
makes possible utilize absorption 
spectra the principal and most re- 
liable indication for classification 
cardiac glycosides into group con- 
taining the five-membered unsaturated 
lactone ring, and group containing 
the six-membered ring, along with the 
sodium nitroprusside color reaction (in 
NaOH), the sodium picrate (in 
neutral medium), and with acetic an- 
hydride and sulfuric acid. should 
noted the same time that follows 


from the and the literature data 
that the absorption spectra cardiac 


glycosides (or their aglucones) differ 
only substituents the ring (for the 
same sugars and same lactone ring), 
differing little from one another, and 
therefore cannot serve practically for 
identification individual substances. 


Cardiac glycoside molecules hydrolyze readily. acid medium this leads splitting the sugar compon- 


ent, but alkaline medium, depending upon conditions, leads rupture the lactone ring, more 
extensive changes the molecule. 


Fig. Absorption Curves for Lactone Titration Products 


was interest follow means absorption spectra the hydrolysis corelborin 


38 
28 
2400 


and corelborin alkaline medium. For this purpose, both glycosides were subjected so-called lactone titration 
ethanol, i.e., they were treated with 0.1 NaOH for hours, and the alkali excess then titrated with 0.1 
Fig. absorption curves are presented for lactone titration products both glycosides. Quite evident 

the increase absorption intensity and displacement the maximum 3000 3550 should mentioned 
that the absorption spectrum for alkaline solution corelborin (before acidification) had analogous maximum. 
change absorption spectra speaks for the fact that undez the influence alcoholic alkali, for the conditions 
indicated, non-reversible transformation the unsaturated lactone ring evidently takes place. This was 
confirmed biological tests the lactone titration product, which was found biologically 


similar phenomenon was also observed upon polarographic investigation strophantidine where the action 
the dropping-mercury alectrode, but the action 0,1 N-solution led formation the isoform hours, which, 
upon acidification,did not change the original compound. characteristic that the absorption curve for the alka- 
line reaction product strophantidine (following acidification 
the solution) was shifted relative the strophantidine curve 
itself toward the long waves, with corelborin and corelborin 


The chief method for quantitative determination cardiac 
glycosides the present time has been the biological method. 
This more with respect glycosides possessing the six-membered 
lactone ring, since more less satisfactory colorimetric methods 
are available [7] for glycosides with the ring. 
this regard the authors decided use the absorption spectra for 
quantitative determination corelborin Inasmuch lib- 
erated solution 0.4% chloroethone solution, was 
mined that solution optically transparent 
the spectral range the result which qualitative 
determination glycoside posstble directly this sclution. 


for number corelborin solutions known concentratians 
0.4% chloroethone, several standard straight lines (for vatious 
(Fig. were obtained. For quantitative determination, the straight Fig. Standard curves for quantitative 
line was chosen (at 3000 A), corresponding that wave length determination corelborin 
experimental measurement for constructing the 
tion curves smallest means this straight line quantitative determination corelborin was 
carried out solution known concentration (see Table). 


Concentration (in mg/10 ml). 


ate analysis, the absorptio 


while carrying out serial an- 
0.370 0.01 2.70 0.400, 8.10 can limited that section 
selected for the calculated 
wave length range. 


SUMMARY 


Absorption curves for the new cardiac glycosides containing the six-membered lactone ring, isolated from 
domestic material, have been obtained. 


Glycosides with ruptured lactone ring are usually found biologically 


tions, 


log 
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has been found upon prolonged action alkaline solution corelborin and corelborin that they 
undergo irreversible transformation into biologically-inactive products which possess absorption spectra differing 
sharply from the glycoside spectra themselves. This phenomenon can used detect glycoside transformation 
products mixture with glycosides, and qualitative reactions also give positive result. 


Quantitative determination corelborin ampoulated solutions has been carried out the use 
absorption spectra, 


The difference between absorption spectra for cardiac glycosides the digitalic and scil- 
larene, groups can used reliable method for determining which two groups cardiac glycosides belong. 
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UDY FURANE COMPOUNDS 
THE STRUCTURE 4)-NONA NES AND THEIR FORMATION MECHANISM 


has mentioned earlier [1] that hydrogenation furane aldehydes and ketones accompanied the 
formation bicyclic, non-hydroxylated compounds, along with the corresponding alcohols. 


The the structure for these compounds has already been investigated the special literature. 


Adkins and Burdick [2], having discovered for the first time similar compounds among the hydrogenation 
products furylacrolein the use Rmey nickel (NiR), assumed the presence 1,5-dioxaoctahydrindene 
structure, i.e., Formula based upon the absence characteristic acetal reactions for this 
their following these authors indicated change their point view, because the this 
product with the compound obtained the end the last century Fittig [4] from butyrolactone, and which 
was named him oxetone, from the latter which, the action was formed diiodopropylketone and 
from the latter dipropyl ketone was formed reduction, which complete accord with the properties that 
Fittig found for his compound. All this has led the thought that the compound forming 
furylacrolein actuality has the spirane structure Formula 


Later, the product better yield hydrogenation furylpropanol the presence nickel 
kieselguhr 


The structure for the nearest homolog this spirane 
formed hydrogenation furfurylideneactone over NiR [6], furylbutanol over 
was confirmed the preceding case its conversion upon heating with into and 


has also appeared information the literature the formation the analogous bicyclic products 
lein However, the latter instances, the authors not sufficiently substantiated the structures the 
products Furthermore, Hinz, Meyer and Schucking their article the formation bicyclic 
products hydrogenation furylacrolein, furfurylideneacetone and again attri- 
bute them the stsycture the cyclic 


Though the analytical proofs given earlier for the simplest spirane structure, and its methyl homolog, 
are sufficiently convincing, nevertheless should mentioned that new synthetic for 
onanes can predicted, based upon the hydrogenation certain furane aldehydes and ketones. This possible 
the basis silvane hydration, which similar hydrogenation and which similar the concept the 
spirane formation mechanism: (see next page) 


not difficult see that the case similar reaction mechanism, hydrogenation two compounds 
and lead formation one and the same bicyclic 
product 
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(where R=H hydrocarbon radical), 


According the reaction mechanism (formation dioxa-octahydrindene derivatives) two isomeric compounds 
(III and IV) should result from the above-indicated furane compounds: 


Consequently, the synthesis from 
confirmation both the identity rings molecules similar possibly only for 
the spirane structure, and the above-given reaction mechanism. 


Apparently, the case the above-indicated hydrogenation mechanism for 
3-one-2, there may also result accompanying formation identical 
with the so-called dimethyloxetone Fittig obtained from valerolactone [9, 10] and acetonedicarboxylic acid 
(see next page). 


synthesized such procedure would second representative 
this group compounds obtained from both the furane compound and lactones. 


The experiments two-stage hydrogenation are presented the present work for 3-(2'-methyl-5'- 
furyl)-propene-2-al and the result which has been possible isolate 
the corresponding spirocyclic products, identified, respectively, with the spiranes formed hydrogenation 


xaspiro-(4,4)-nonane and the dimethyloxetone Fittig (2, 
Thus, may considered experimentally confirmed the earlier-expressed con- 
cept concerning spirane structure and their formation mechanism from the corresponding furane aldehydes and 
ketones There have also been obtained the following compounds which have not been 
described the literature before, information which contained the part: 


Hydrogenation was carried out steel rotating autoclave, with capacity 150 ml, The given tem- 
perature was maintained means millivoltmeter. 


Catalysts: copper chromite was prepared the usual method [12], nickel kieselguhr, industrial 
catalyst domestic The catalyst, before use, was fine powder and reduced heat- 
ing stream hydrogen. 


Hydrogenation 


This reaction was run condensing 5-methylfurfural [13] with acetaldehyde, according method sim- 
ilar that for producing furylacrolein 


100 water was added over 3-4 hours. Stirring the reaction mixture was continued for another 
hours, and then neutralized with the calculated amount acetic acid. The product was extracted with three 
portions ether, 100 each, the ether extract dried with anhydrous sodium sulfate, and the residue, after removal 
ether, distilled vacuo. Upon repeated distillation, 11.5 (28% theory) product was obtained, 
98-100°(4 mm). yellowish oil with peculiar odor. 


white, well-developed needles, 


condenses with ketones, similarly with Thus, for example, 
upon condensing two moles aldehyde with cyclohexanone, the ketone furmed, orange crystals with 
m.p. 


Calculated: 334.4, 


placed the autoclave. The initial hydrogen pressure was 135 atm. temperature Hydrogenation was 


complete after absorption 5850 moles). After catalyst and alcohol, the hydrogenate was 


distilled Upon repeated distillation the product, the fraction with was collected. 


Yield was 75% theory. Colorless liquid with faint odor, alcohol and ether, 


Calculated 12.0. Found? 142, 147, Calculated: 140. 


and 


were charged into the autoclave. The initial hydrogen pressure was 150 
Hydrogenation was terminated after absorption about 1.5 moles hydrogen (5200 ml). After the usual 
treatment, the catalysate was distilled vacuo and the low-boiling fractions collected (up plus 


fraction with b.p. weighing 15.3 (yield 63. 5%), representing 
less liquid with faint odor. 


1.4635; 0.9972; MR, calculated 40.11. 


11.80, 


increase the product, the experiment was repeated under the same conditions with the same amounts 
initial alcohol, solvent and 


The low-boiling fractions both experiments, well the residue after repeated distillation through 
fractionating column the solvent distilled off from the catalyzate were combined and redistilled through 


the fractionating column atmospheric pressure, the result which fraction, with 162-164°, was 
isolated (yield 15.6% theory). 


calculated: 38.08, 


According the literature data [5,6]: had the following physical 


Hydrogenation 


was obtained condensing 5-methylfurfural with acetone the presence 
NaOH [15], b.p. m.p. Yield was 61.1% theory. 


copper chromite catalyst were charged into the autoclave and hydrogenated 120° initial hydrogen pres- 
sure 88-95 atm}. accumulation material, hydrogenation was carried out times for total amount 
129.9 initial ketone. The combined catalyzate from experiments was freed from catalyst and solyent, and 


then distilled vacuo mm. product resulted, boiling colorless liquid with faint 
odor, miscible with standard organic solvents. Yield was 80.5%. 


Found: 154.7, Calculated: 154.2. Found%: 11.7. Calculated 


The hydrogenation temperature was 


nonane, 


was hydrogenated four times for total 4.7 copper chromite 
catalyst and 184 absolute The initial hydrogen pressure was 130-145 atm, The temperature was 
120°, 


The combined catalyzate from experiments was freed from catalyst and solvent and then redistilled 
vacuo 8.65 the substance resulted, boiling 130°, and the main fraction with b.p, 134-136°, 
weighing 69.35 (73.6% theory), which was found Upon 
repeated distillation, the boiling point the product remained constant. 


1.4542; 44,76; calculated 44.73. 


0.0770 substance: 0.1938 0.0773 HO. 0.0956 substance: 0.2401 0.0959 


The low-boiling fraction was redistilled atmospheric pressure. Because was not possible narrow down 
the boiling range the small fraction, despite repeated distillation, the boiling point the product 
was more precisely determined according Emich and was found 167-169°, Weight was 2.87 


1.4389; .0.9594; calculated 42.65. 


Calculated: 


The product did not show the presence hydroxyl groups; gave silver mirror with ammoniacal 
silver oxide solution. formed white crystals with hydrogen bromide, m.p, and possessed very pleas- 
ant odor, 


According the literature data [9,10]: the dimethyloxetone has b.p. 
0.978; forms silver mirror with ammoniacal solution silver oxide; possesses terpene odor. The 
interaction product with HBr melts 42°. 


SUMMARY 


butene-3-one-2 there have been obtained 
and 


has been demonstrated that the formation from 
catalytic hydrogenation constitute new synthetic proof, both the structure for spiranes 
this type, and for their formation mechanism from furfurylidene aldehydes and ketones and 
accepted the authors. 
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a-GLYCOLIC ESTERS p-NITROPHENYL-ARSENOUS 
AND ACIDS 


Gilm Kamai and Chadaeva 


The present work continuation the authors' investigations the field cyclic glycolic estes 
ous and arylarsenous acids. Here work has been undertaken study the method synthesis certain 
glycolic esters p-nitrophenyl-arsenous and acids. 


action equimolecular quantity p-nitrophenylarsenous acid upon various (with heating), 
esters p-nitrophenylarsenous acid were synthesized according the following 


Thus, the ethyleneglycolic, and esters p-nitro- 
phenylarsenous acid were isolated, readily hydrozable water. 


The a-glycolic esters acid were obtained the authors through the iuteraction 
with the corresponding absolute ether medium with the presence pyridine, 
according the equation: 


The resulting ester acid was viscous, transparent liquid, unstable the 


EXPERIMENTAL 


Synthesis the Ethyleneglycolic Ester 


-Nitrophenylarsenous Acid 


vacuum-distilled p-nitrophenylarsenous acid and freshly-distilled ethylene glycol were placed 
Arbuzov distilling flask. The apparatus was put under vacuum, and the flask contents then carefully heated 

anoil bath. Drops reaction water were observed the walls the flask bath temperature about 80°, 
The distillation was carried out constant vacuum. Two fractions were 


The second fraction solidified upon standing. After recrystallization from carbon the crystals 
melted 


Found 28,89, 28.93. Calculated 29.14. 


The resulting ester was represented light-yellow crystals, readily soluble indivers prganic solvents; hyd- 
water, forming p-nitrophenylarsenous acid. 


Synthesis the a-Methoxypropyleneglycolic Ester p-Nitrophenylarsenous Acid 


13.6 the compound was obtained, with b.p. 188- 190° (with partial from mix- 


described above. 


The ester obtained was represented light-yellow, hygroscopic crystals, with m.p. 
organic solvents. was readily hydrolyzed water. 
Hydrolysis the Ester p-Nitrophenylarsenous Acid. 


the ester under investigation was dissolved 20% sodium hydroxide. The solution was fil- 
tered off and neutralized with hydrochloric acid. The precipitated fine yellow crystals were filtered off and 
washed repeatedly with water, After drying constant weight, the crystals were analyzed. 


Found %:. 32.38, Calculated 32.42. 


The crystals were found p-nitrophenylarsenous acid. 


Synthesis the Ester p-Nitrophenylarsenous acid. 


The ester was obtained interacting p-nitrophenylarsenous acid with 
glycol. B.p. 184-185° 3mm. The yield pure compound was 5.2 


Found 23,51, 23.64. Calculated 23.87. 
The ester was yellowish-green, viscous liquid, readily soluble the standard solvents: 


was hydrolyzed water form the original compounds, 


Synthesis the Ethyleneglycolic Ester Acid. 


dissolved 100 ethyl ether was added through dropping funnel, 
with stirring, solution, pre-cooled 0°, ethylene glycol and 7.9 anhydrous pyridine 350 
absolute ether. Having introduced the total amount the flask contents were then 
heated water bath for minutes. After cooling, the precipitate pyridine hydrochloride was filtered 
washed with ether, the solvent distilled off, and the remaining liquid fractionated vacuo. 5.55 the com- 


The ester was transparent, viscous liquid, soluble the usual organic was readily hydrolyzed 
_by water form 


1.5043; 1.6677. 


Synthesis the Ester Acid 


This compound was isolated the method described above, proceeding from the corresponding 


mm. Yield was 


The ester viscous, transparent liquid: 1.6282. Hydrolyzing moist air form 
with m.p. 245°. 


Various a-glycolic esters p-nitrophenylarsenous and acids were synthesized 
some their properties have been studied. 
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